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- The- present invention is related to compounds which are useful in a mammalian host for the tr atment of 

autoimmun dis ases (such as juvenile-onset diabetes melitus, multiple sclerosis and rheumatoid arthritis), 
infectious diseases and/or the prevention of rejection of foreign organ transplants, .g. bone marrow and h art 
transplants and are also useful in the topical treatment of inflammatory and hyperprol iterative skin diseases 

5 and cutaneous manifestations f immunologically-mediated illnesses. 

More particularly, this invention relates to the introduction of a halogen substituent at C-3" or C-4" of the cyc- 
lohexyl ring in compounds of the general structural Formula I: 
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- - . - I 

30 



wherein R is methyl, ethyl, propyl or allyl; R 1 and R 2 are independently halo, hydroxy, and C^-Ce alkoxy, with 
the proviso that at least one R 1 or R 2 is halogen; R 3 is hydrogen or hydroxy and R4 is hydrogen; or R 3 and R 4 
35 can be taken together to form a double bond; X - O or (HO, H) and n is 1 or 2. It also relates to pharmaceutical 
compositions containing the compounds and to a method of use of the present compounds and other agents 
for the treatment of autoimmune diseases, infectious diseases, the rejection of foreign organ transplants, inflam- 
matory and hyperproliferative skin diseases and/or cutaneous manifestations of immunologically-mediated 
illnesses. . . 

40 

BRIEF DESCRIPTION OF DISCLOSURES IN THE ART 

Fujisawa European and Japanese and U.S. patents (EPO Publication No. 0,184,162 and PBJ Disclosure 
63-17684 USP 4,894,366) and publications (J. Am. Chem. Soc , 1987, 109, 5031 and J. Antibiotics 1987, 40, 1249) 
-45 disdose T7^ally1-1,14^ihydroxy-12-[2'-(4"-hy 

~21 P 27-tetra:Hramy1=11i28^ (FR-900506), 17- 

ethyl-1,14-dihydroxy-12-[2'-(4"-hydroxy-3 w -methoxycyclohexyl)-1'-methylvinyl]-23,25-dimethoxy-1 3,19,21, 
27-tetra^ethyl-11.28-dioxa-4-azatricyc^ (FR-900520) and 

related compounds which are the starting materials for the preparation of the compounds described. The synth- 
50 etic preparation of the aforementioned starting material (FR-900506) has recently been reported (J. Am. Chem. 
Soc. 1989. 111, 1157). 

BACKGROUND OF THE INVENTION 

55 Immunoregulatory abnormalities have been shown to exist in a wide variety of "autoimmune" and chronic 

inflammatory diseases, including systemic lupus erythematosis, chronic rheumatoid arthritis, type 1 diabetes 
mellitus, inflammatory bowel dis ase, biliary cirhosis, uveitis, multiple sclerosis and other disorders such as 
Chrons disease, ulcerative colitis, bullous pemphigoid, sarcoidosis, psoriasis, ichthyosis, and Graves ophthal- 
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- mopathy. Although-the underlying pathogenesis of each of these conditions may be quite different, they have 
in common the appearance of a variety of autoantibodies and self-reactive lymphocytes. Such self-reactivity 
may b due, in part, to a loss of the homeostatic controls under which the normal immune system operates. 
Similarly, following a bone-marrow or an organ transplantation, the host lymphocytes recognize the for ign 
s tissue antigens and begin to produce antibodies which lead to graft rejection. 

One end result of an autoimmune or a rejection process is tissue destruction caused by inflammatory cells 
and the mediators they release. Antiflammatory agents such as NSAID's and corticosteroids act principally 
by blocking the effect or secretion of these mediators but do nothing to modify the immunologic basis of the 
disease. On the other hand, cytotoxic agents such as cyclophosphamide, act in such a nonspecific fashion that 
10 both the normal and autoimmune responses are shut off. Indeed, patients treated with such nonspecific immu- 
no-suppressive agents are as likely to succumb from infection as they are from their autoimmune disease. 

Cyclosporin A which was approved by the US FDA in 1983 is currently the leading drug used to prevent 
rejection of transplanted organs. The drug acts by inhibiting the body's immune system from mobilizing its vast 
arsenal of natural protecting agents to reject the transplant's foreign protein. Though cyclosporin A is effective 
15 in fighting transplant rejection, it is nephrotoxic and is known to cause several undesirable side effects including 
kidney failure, abnormal liver function and gastro- intestinal discomfort. 

Newer, safer drugs exhibiting less side effects are constantJyJ)eing searched for in the field. 
The 23-membered tricyclo-macrolide immunosuppressant, FR-900506, 




CH 3 Q OCH 3 



40 and related compounds which were isolated and characterized by Tanaka, Kuroda, and co-workers at Fujisawa 
pharmaceutical Co. in Japan, see J. Am. Chem. Soc , 1987, 109 , 5031, and EPO Pub No. 0,184,162 , have 
been shown to possess exceptional immunosuppressive activity. The compound FR-900506 has been reported 
to be 100 times more effective than cyclosporin in the su press ion of in vitro immune systems ( J. Antibiotics 
1987, 40, 1256). In addition, these compounds are reputed to possess topical activity in the treatment of inflam- 

45 matory and hyperprolife native skin diseases and cutaneous manifestations of immunologically-mediated illnes- 
ses ( EPO Pub. No. 0,315,978) . 

Accordingly, an object of the present invention is to provide new analogs of these tricyclo-macrolides which 
will (1) restore the balance of the help-and-suppression mechanism of the immune system by acting at an earlier 
point than the anti-inflammatory agents and (2) induce specific long-term transplantation tolerance through a 

50 suppressor cell circuit without increasing the body's susceptibility to infection. 

Another object of the present invention is to provide analogs of these tricyclo-macrolides which possess 
topical activity in the treatment of inflammatory and hyperproliferative skin diseases and cutaneous manifes- 
tations of immunologically-mediated illnesses. 

An additional object of the present invention is to provide pharmaceutical compositions for administering 

55 to a patient in need of the treatment one or more of the active immunosuppressive agents of the present inven- 
tion. 

Still a further object of this invention is to provide a method of controlling graft rejection, autoimmune and 
chronic inflammatory dieases by administering a sufficient amount of one or more of the novel immunosuppres- 
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sive agents in-a-mammalian species in need of such treatment — -■ — — 

Finally, jt is the object of this invention to provide processes for the preparation f the activ compounds 
• * ' f the present invent* n. ■ 1 

5 DETAILED DESCRIPTION OF THE INVENTION 

A. Scope of the invention 

This invention relates to compounds of the general Formula I: 

10 
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20 



25 




CH 3 0 OCH 3 



wherein: 

30 R is methyl, ethyl, propyl or ally); R 1 and R 2 are independently halo, hydroxy, C-pCe alkoxy, with the proviso 
that at least one R 1 or R 2 is halogen; R 3 is hydrogen or hydroxy and R4 is hydrogen; or R 3 and R 4 can be taken 
together to form a double bond; X = O or (HO, H) and n is 1 or 2; 

In the present invention, compounds with asymmetric centers may occur as racemates, racemic mixtures 
and as individual diastereomers, with all isomeric forms of the compounds being included in the present inven- 

35 tion. 

In addition compounds with carbon-carbon double bonds may occur in Z- and E- forms with all isomeric 
forms of the compounds being included in the present invention. 

When any variable (e.g., alkyl, R, R\ R 2 , R 3 , R 4 , etc.) occurs more than one time in any variable or in For- 
mula I, its definition on each ocurrence is independent of its definition at every other occurrence. 

40 As used herein, "alkyl" is intended to include both branched, straight chain and cycloalkyl saturated alipha- 

tic hydrocarbon groups having the specified number of 1-6 carbon atoms, representative examples being 
methyl, ethyl, isopropyl, tert-butyt, sec-butyl, isopentyl, n-hexyl, n-heptyl, n-octyl, iso-octyl, and the like; "halo", 
as used herein; means fluoro; chloro, bromo or iodo." ------- 

In the present invention it is preferred that in compounds of Formula I: 

45 — R-is-ethyl,~propyl or allyl; - — 

RHs fluororchlororbromoror-iodo and R 2 is hydroxy or methoxy; or R 2 is fluoro; chloro, bromo or iodo and R 1 
is hydroxy or methoxy; 
R 3 is hydrogen or hydroxy; 
R 4 is hydrogen; 

50 n is 1 or 2. 

B. Preparation of Compounds Within the Scope of the Present Invention 

The starting materials for the preparation of the 3"-halo and 4"-halo compounds of this invention are rep- 
55 resented by Formula II: 



4 



BP 0 480 623 A1 



5 



10 



15 




CH3O OCH3 



wherein R is methyl, ethyl, propyl or allyl; R 1 and R 2 are, independently, hydroxy or methoxy; R 3 is hydrogen 
or hydroxy; R 4 is hydrogen or R 3 and R 4 can be taken together to form a double bond. X is 0; and n is 1 or 2. 
25 The production and characterization of compounds of Formula II is well known in the literature (see EPO 

publication No. 0,323,042, EPO Publication no. 0,184,162, PBJ Disclosure 63-1 7884. J. Am. Chem. Soc . 1987, 
109. 5031 and X Antibiotics. 1987, 40, 1249). Both biological fermentation and synthetic processes may be 
found. A synthetic route to compounds of Formula II can involve modifications of a route described in J. Am. 
Chem. Soc. 1989, 111, 1157. 
30 Biological fermentation followed by synthetic modification is presently favored in the art as the method to 

produce compounds of Formula II. Organisms belonging to the genus Streptomyces such as Streptomyces 
tsukubaensis . No. 9993 and Streptomyces hvgroscopicus . No. 7238 placed in an aqueous nutrient medium 
will produce desired compounds in isolable amounts. The nutrient medium contains sources of assimilable car- 
bon and nitrogen, preferably under aerobic conditions. Produced in fermentation are four compounds of For- 
35 mula II, (A) where R is allyl, R 1 is methoxy, R 2 and R 3 are hydroxyl, R 4 is hydrogen, X is 0 and n is 2; (B) where 
R is ethyl, R 1 is methoxy, R 2 and R 3 are hydroxyl, R 4 is hydrogen, X is 0 and n is 2; (C) where R is methyl, R 1 
is methoxy, R 2 and R 3 are hydroxyl, R 4 is hydrogen, X is 0 and n is 2; and (D) where R is allyl, R 1 is methoxy, 
R 2 and R 3 are hydroxyl, R 4 is hydrogen, X is 0 and n is 1 . 

A lyophilized sample of the isolated Streptomyces tsukubaensis . No. 9993 was deposited with the Fermen- 
40 tation Research Institute, Agency of Industrial Science and Technology (No. 1-3, Higashi 1-chome, 
Yatabemachi Tsukuba-gun, Ibaraki Prefecture, Japan) under the deposit number of FERM P-7886 (deposit 
date: October 5th, 1984), and then converted to Budapest Treaty route of the same depository on October 1 9, 

— 1985 under-the new deposit numberof- FERM BP-927 . — - — - 

Using the four compounds produced in fermentation above, the remaining compounds of Formula II may 

-_45 be^easily produced. Tbe.alJyLoLR.may.be conyeniently.reduced.to.propyLby welLknown methods. The R 2 or 

_^R3 hydroxyls may be protected by well known methods, for example as disclosed in EPO Publication 0,323,042. 
In addition, the hydroxy of R 3 may be reduced to a hydrogen or eliminated to form a double bond with R 4 (by 
methods similar to those disclosed in EPO Publication 0,323,042). The carbonyl of X may be reduced to a hyd- 
roxy by methods disclosed in EPO Publication 0,323,042 also U.S. Serial No. 07/486,700, corresponding to 
so EP-A-0445975. The methoxy of R 1 as produced may be replaced with hydroxy or demethylated and subse- 
quently protected as desired, if necessary. This demethylation of R 1 may be earned out in a fermentation reac- 
tion using the compounds of Formula II as a feedstock. For instance, compound B named under Formula II 
above may be demethylated at R 1 above by using the microorganism Actinomvcetales ATCC No. 53771 (as 
taught in U.S. Ser. No. 213,025, corresponding to EP-A-0349061) or produced directly by a mutant organism 
55 (as taught in U.S. Serial No. 323,653, corresponding to EP-A-0388152). Similarly, compound A may be 
demethylated (as taught in U.S. Serial No. 213,063, corresponding to EP-A-0349049). 

Suitable protecting groups for hydroxyl include those groups well known in the art which are: 

1 -(lower alkylthio)(lower)alky1, wherein "lower alky!" indicates a straight, cyclic r branched chain of on 
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to"six carbon"atomsrsuch"as-lower alkylthiomethyl (e.grmethylthiomethyl, ethylthiomethyl, propyl thiom ethyl, 
isopropylthiomethyl, butyl thio methyl, isobutylthiomethyl, hexylthiomethyl, etc.). and the like, in which th pre- 
' ferf d one may be CV-C4 alkylthiomethyl and the most preferred one may be methylthiomethyt; trisubstituted 
silyl such as tri(lower)alkylsilyl ( .g. trimethylsilyl, triethylsilyl, tributysilyl, tri-isopropylsilyl (TIPS), t-butyl- 
5 dimethylsilyl, (TBDMS) tri-t-butylsflyl, etc.), lower alkyl-diarylsilyl (e.g. methyl-diph nylsilyi, thyl-diph nylsilyl, 
propyl-diphenylsilyl, t-butytdiphenylsilyl, etc.), and the like, in which the preferred one may be tri(Ci-C 4 )alkylsilyl 
and C1-C4 alkyl-diphenylsilyl, and the most preferred one may be tert-butyl-dimethylsilyl, tri-i- propyl silyl and tert- 
butyl-diphenylsilyl; acyl such as aliphatic acyl, aromatic acyl and aliphatic acyl substituted with aromatic group, 
which are derived from carboxylic acids; and the like. 

10 Compounds A, B, C and O of Formula II, organisms to produce the same, conditions of fermentation, sepa- 

ration techniques, and chemical modification of the products are fully described in EPO Publication No. 
0.184,162 . This document is hereby incorporated by reference. 

The compounds of the present invention which are represented by Formula I are prepared by the methods 
shown in the following Reaction Schemes wherein R, R lf R 2 , R3, R4, X and n are as defined above unless other- 

15 wise indicated. It will be readily apparent to one of ordinary skill in the art reviewing the synthetic route depicted 
below that other compounds within Formula I can be synthesized by substitution of appropriate reactants and 
agents in the synthesis shown below. 

As shown in Reaction Scheme A for preparing the 4"-halogen derivatives, the C-14-oxygen-protected mac- 
rolide (V protected with TIPS or TBDMS) is prepared from the 4 W , 14-dihydroxy macrolide (III) by treating III 

20 with silylating agents TIPSX or TBDMSX (where X = chloride or trifluorom ethane sulfonate) to form IV and hyd- 
rolyzing off the C-4" protecting group to give V, and reacted with o-nitrobenzene sulfonyl chloride to form VI, 
which is then reacted with LiX, where X=C1, Br, I, in an aprotic solvent, e.g., N,N-dimethylformamide, to intro- 
duce the halo substituent at the C-4" position to produce VIII. The protecting group at C-14 is then removed to 
produce IX. Compound V can be treated with DAST at 0°C in CH 2 CI 2 and after the removal of protecting groups, 

25 if any, to give compound IX where R 2 =F. 

A route to C-3" halo substituted compounds is shown in Reaction Scheme B. The procedure is analogous 
to that for forming the C-4" halo derivatives. 

The macrolide III is treated with the demethylating microorganism ATCC No. 53771 or ATCC No. 53828 
to produce the C-4" and C-3" dihydroxy macrolide X. This is treated with one molar equivalent of protecting 

30 "~ group reagent, such as tert-butyldimethyl silyl chloride or tri-isopropylsilyl trifluoromethanesurfonate, in CH 2 CI 2 
with imidazole or 2,6-lutidine as an acid scavenger to produce a mixture of C-4" and C-3" mono-oxygen-protec- 
ted derivatives. The C-4" Oxygen-protected derivative (XI) is separated and purified by chromatography. 

Following the analogous procedure for the C-4" halo derivatives, the C-3" hydroxy is reacted with ortho- 
nitrobenzene-sulfonyl chloride to form XII, which is then reacted with LiX (where X=CI, Br, I) to form the C-3" 

35 halo derivative XIII. In addition, C-3" and C-4" halo substituted compounds can be alternatively prepared as 
shown in Scheme C. Treatment of the demethylated natural product (R = CH 2 CH=CH 2 , CH 2 CH 2 CH 3 , CH 2 CH 3 , 
or CH 3 ; R, = OH; R 2 = OH; R3 = OH, OTBDMS, OTIPS or H; R4 = R) with o-nitrobenzenesuffonyl chloride fol- 
lowed by base gives a mixture of epoxides which can be separated (XIV). Nucleophilic ring opening with LiX 
or TiCl4/TMSN 3 affords the C-3^-orC-4 w halo derivative (XIII). - - 

40 
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REACTION SCHEME A 
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CH,Cl a 



CH,0 OCH, 



20 



R» = H or OH 



n r 1 or 2 



25 



30 



CH,i 




CH,0 OCH, 



40 



1) 10%TbOH 
Ms OH 
CHjCN 



R, s OTI PS, OTBOHS or H 
R 2 = OTI PS or OTMBDS 



45- 



50 



_whe.rje_ 



R = -CH 2 CH=CH2,-CH2CH 2 CH3, -CH 2 CH 3 , or -CH3 



55 
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R EA CTI ON SCBEM5 A (CQN'T) 
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D» protect 
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Fj-OH or H 



50 



where 

R = -CH 2 CH=CH2,-CH 2 CH2CH3 t -CH 2 CH 3 , or -CH3 
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REACTION SCHEME A (CON 1 
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viii 
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R, = OH or H 
R a = CI. Br. or I 
n = 1 or 2 



45 



where 

R = -CH 2 CH=CH 2 ,-CH 2 CH 2 CH3 , -CH 2 CH 3 f or -CH 3 



so 
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FACTION SCBEME B 



to 



15 



20 



25 



30 



35 



40 




(CM, 




CH.0 OCH, 



1. DA9T 

2. Deblock 



R*» OTBDMB. OTTPS 
or H 




CH,0 OCHs 

J), > OTBDMB, CTXF8. or H 

F, o o-NpjCC.IUDSOaO- and 
F s * C7TBDMS or OTTPS 
or 

R t s OTBDMB or OTI PS and 
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R, » OTBDMB or OTTPS and F 3 » OH 



45 



50 



where 

R = -CH 2 CH-CH2 »-CH 2 CH2CH3 , -CH2CH3, or -CH3 
n « 1 or 2 
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REACTION SCHEME B (CONT'D^ 
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REACTION SCHEME C 
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R, s Cl, Br, or I and R a = OH 



R 3 = OTBDKB, On PS or H 



50 



where 

R = -CH2CH=CH2, -CH2CH2CH3 , -CH2CH3 , or -CH3 



55 The object compounds of Formula I obtained according to the reactions as explained above can be isolated 

and purified in a conventional manner, for example, extraction, precipitation, fractional crystallization, recrys- 
tallization, chromatography, and the like. 

It is to be noted that in the aforemention d reactions and the post- treatment of th reaction mixtur therein, 
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the stereoisomers) of starting and object compounds due to asymmetric carbon atom(s) or double bond(s) of 
the object compounds of Formula I may occasionally be transformed into th other stereo isomer(s), and such 
cases are also included within the scope of the present invention. 

In the present invention, compounds with asymmetric centers may occur as racemates, racemic mixtur s 

5 and as individual diastereomers, with all isomeric forms of the compounds b ing included in the present inven- 
tion. These may be prepared by methods such as those disclosed in publications which describe synthetic 
routes to fragments of the macrolide FR-900506 and the total synthesis of the macrolide FR-900506 itself (Tet- 
rahedron Lett, 1988, 29, 277; Tetrahedron Lett . 1988, 29, 281; Tetrahedron Lett . 1988, 29, 4481; J. Org. 
Chem. , 1989, 54. 9; J. Org. Chem. . 1989, 54, 11; J. Org. Chem. . 1989, 54, 15; J. Org. Chem. . 1989, 54, 17; J. 

10 Am. Chem. Soc . 1 989, 111, 1 1 57). 

C. Utility of the compounds within the scope of the invention 

The compounds of Formula I may be employed as immunosuppressants by methods and in dosages known 

15 in the prior art for compounds of Formula II. These compounds possess pharmacological activity, i.e., 
immunosuppressive activity, and the like, and therefore are useful for the treatment and prevention of the resi- 
stance to transplantation or transplantation rejection of organs or tissues such as heart, kidney, liver, medulla 
ossium, skin, etc., graft-versus-host diseases by medulla ossium transplantation, autoimmune diseases such 
as rheumatoid arthritis, systemic lupus erythematosis, Hashimoto's thyroiditis, multiple sclerosis, myasthenia 

20 gravis, type I diabetes, uveitis, etc. The compounds of Formula I are also useful for treating inflammatory and 
hyperproliferative skin diseases and cutaneous manifestations of immunoiogicaiiy-mediated illnesses such as: 
psoriasis, atopical dermatitiis, contact dermatitis and further eczematous dermatitises, seborhoeic dermatitis, 
Lichen planus, pemphigus, bullous pemphigoid, Epidermolysis bullosa, urticaria, angioedemas, vasculitides, 
erythemas, cutaneous eosinophilias or Alopecia areata. 

25 The pharmaceutical compositions of this invention can be used in the form of a pharmaceutical preparation, 

for example, in solid, semisolid or liquid form, which contains one or more of the compounds of the present 
invention, as an active ingredient, in admixture with an organic or inorganic carrier or excipient suitable for exter- 
nal, enteral or parenteral applications. The active ingredient may be compounded, for example, with the usual 
non-toxic, pharmaceutically acceptable carriers for tablets, pellets, capsules, suppositories, solutions, emul- 

30 sions, suspensions, and any other form suitable for use. The carriers which can be used are water, glucose, 
lactose, gum acacia, gelatin, mannitol, starch paste, magnesium trisilicate, talc, corn starch, keratin, colloidal 
silica, potato starch, urea and other carriers suitable for use in manufacturing preparations, in solid, semisolid, 
or liquid form, and in addition auxiliary, stabilizing, thickening and coloring agents and perfumes may be used. 
The active object compound is included in the pharmaceutical composition in an amount sufficient to produce 

35 the desired effect upon the process or condition of diseases. 

This invention also relates to a method of treatment for patients suffering from immunoregulatory abnor- 
malities involving the administration of a compound of Formula I as the active constituent 

For the treatment of these conditions and diseases caused by immmunoiregularity a compound of formula 
I may be administered orally, topically, parenterally, by inhalation spray or rectally in dosage unit formulations 

40 containing conventional non-toxic pharmaceutically acceptable carriers, adjuvants and vehicles. The term 
parenteral as used herein includes subcutaneous injections, intravenous, intramuscular, intrastenal injection 
or infusion techniques. 

The pharmaceTFticarcompositions containing "the active ingredient may be in a form suitable for oral use, 
for example, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or granules, emul- 

45 sions, hard or soft capsules, or syrups or el ixers. Compositions intended for oral use may be prepared according 
to any method known to the art for the manufacture of pharmaceutical compositions and such compositions 
may contain one or more agents selected from the group consisting of a sweetening agents, flavoring agents, 
coloring agents and preserving agents in order to provide pharmaceutically elegant and palatable preparation. 
Tablets containing the active ingredient in admixture with non-toxic pharmaceutically acceptable excipients 

50 may also be manufactured by known methods. The excipients used may be, for example, (1) inert diluents such 
as calcium carbonate, lactose, calcium phosphate or sodium phosphate; (2) granulating and disintegrating 
agents such as com starch, or alginic acid; (3) binding agents such as starch, gelatin or acacia, and (4) lub- 
ricating agents such as magnesium stearate, stearic acid or talc. The tablets may be uncoated or they may be 
coated by know techniques to delay disintegration and absorption in the gastrointestinal tract and thereby pro- 

55 vide a sustained action over a longer period. For example, a time delay material such as glyceryl monostearate 
or glyceryl distearate may be employed. They may also be coated by the techniques described in the U.S. pat. 
Nos. 4,256,108; 4,160,452; and 4,265,874 to form osmotic therapeutic tablets for controlled release. 

In some cases, formulations for oral us may be in the form of hard gelatin capsules wherein th activ 
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ingredient is mixed with an inert solid diluent for example, calcium carbonate, calcium ph sphat r kaolin. 
They may also be in the form of soft gelatin capsules wherein the activ ingr dient is mix d with water or an 
oil medium, for example peanut oil, liquid paraffin, or olive oil. 

Aqueous suspensions normally contain the active materials in admixtur with excipients suitable for th 
manufactur of aqueous susp nsions. Such excipients may be: 

(1) suspending agents such as sodium carboxy-methylcellulose, methylcellulose, hydroxypropylmethylcel- 
lulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia; 

(2) dispersing or wetting agents which may be 

(a) a naturally-occurring phosphatide such as lecithin, 

(b) a condensation product of an alkylene oxide with a fatty acid, for example, polyoxy ethylene stearate, 

(c) a condensation product of an ethylene oxide with a long chain aliphatic alcohol, for example, hep- 
tadecaethyleneoxycetanol, 

(d) a condensation product of ethylene oxide with a partial ester derived from a fatty acid and a hexitol 
such as polyoxyethylene sorbital monooleate, or 

(e) a condensation product of ethylene oxide with a partial ester derived from a fatty acid and a hexitoJ 
anhydride, for example polyoxyethylene sorbitan monooleate. 

The aqueous suspensions may also contain one or more preservatives, for example, ethyl or n-propyl p- 
hydroxybenzoate; one or more coloring agents; one or more flavoring agents; and one or more sweetening 
agents such as sucrose or saccharin. 

Oily suspension may be formulated by suspending the active ingredient in a vegetable oil, for example, 
arachis oil, olive oil, sesame oil or coconutoil. or in a mineral oi! such as liquid paraffin. The oily suspensions 
may contain a thickening agent, for example, beeswax, hard paraffin or cetyl alcohol. Sweetening agents and 
flavoring agents may be added to provide a palatable oral preparation. These compositions may be prepared 
by the addition of an antioxidant such as ascorbic acid. 

Dispersible powders and granules are suitable for the preparation of an aqueous suspension. They provide 
the active ingredient in admixture with a dispersing or wetting agent, a suspending agent and one or more pre- 
servatives. Suitable dispersing or wetting agents and suspending agents are exemplified by those already men- 
tioned above. Additional excipients, for example, those sweetening, flavoring and coloring agents described 
above may also be present. 

The pharmaceutical compositions of the invention may also be in the form of oil-in-water emulsions. The 
oily phase may be a vegetable oil such as olive oil or arachis oils, or a mineral oil such as liquid paraffin or a 
mixture thereof. Suitable emulsifying agents may be (1) naturally, occurring gums such as gum acacia and gum 
tragacanth, (2) naturally-occurring phosphatides such as soy bean and lecithin, (3) esters or partial esters 
derived from fatty acids and hexitol anhydrides, for example, sorbitan monooleate, (4) condensation products 
of said partial esters with ethylene oxide, for example, polyoxyethylene sorbitan monooleate. The emulsions 
may also contain sweetening and flavoring agents. 

Syrups and elixirs may be formulated with sweetening agents, for example, glycerol, propylene glycol, sor- 
bitol or sucrose. Such formulations may also contain a demulcent, a preservative and flavoring and coloring 
agents. 

The pharmaceutical compositions may be in the form of a sterile injectable aqueous or oleagenous sus- 
pension. This suspension may be formulated according to known methods using those suitable dispersing or 
wetting agents and suspending agents which have been mentioned above. The sterile injectable preparation 
may also be a sterile injectable solution or suspension in a non-toxic parenterally-acceptable diluent or solvent, 
for example, as a solution in 1 ,3-butane diol. Among the acceptable vehicles and solvents that may be employed 
are water, Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are con- 
ventionally employed as a solvent or suspending medium. For this purpose any bland fixed oil may be employed 
including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the preparation 
of injectables. 

A compound of Formula I may also be administered in the form of suppositories for rectal administration 
of the drug. These compositions can be prepared by mixing the drug with a suitable non-irritating excipient which 
is solid at ordinary temperatures but liquid at the rectal temperature and will therefore melt in the rectum to 
release the drug. Such materials are cocoa butter and polyethylene glycols. 

For topical use, creams, gels, lotions, ointments, jellies, solutions or suspensions, etc., containing the 
immunoregulants are employed. 

Dosage levels of the order from about 0.01 mg to about 100 mg per kilogram of body weight per day are 
useful in the treatment of the above-indicated conditions (from about 0.5 mg to about 5 gm per patient per day). 
In addition, the compounds of the present invention may be administered on an intermittent basis; i.e. at 
semiweekly, weekly, semi-monthly or monthyl intervals. 
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The_amount.otactiye_ingredient.that may be.combinedwith the earner materials to produce a single dosage 

form will vary depending upon the host treated and the particular mode of administration. For example, a for- 
mulation intended for the oral administration of humans may contain from 0.5 mg to 5 gm of active ag nt com- 
pounded with an appropriate and convenient amount of carrier material which may vary from about 5 to ab ut 
95 percent f the total composition. Dosag unit forms will generally contain from about 0.5 mg to about 500 
mg of active ingredient. For topical administration in larger mammals a preparation containing a 1-3% concen- 
tration of active agent may be utilized. 

It will be understood, however, that the specific dose level for any particular patient will depend on a variety 
of factors including the activity of the specific compound employed, the age, body weight, general health, sex, 
diet, time of administration, route of administration, rate of excretion, drug combination and the severity of the 
particular disease undergoing therapy. 

The following examples are given for the purpose of illustrating the present invention and shall not be con- 
strued as being limitations on the scope or spirit of the instant invention. 

Example 1 

17-EthyM-hydroxy-14-triisopropylsnytoxy^ 

nyl]-23 l 25-dimethoxy-13,19,21,27-tetramethyl-11 t 28-dioxa-4-azatricydo[22.3.1.0 4 . 9 ]oct^ 
2,3,1 0,16-tetraone 

A stirred solution of 17-ethyl-1 s 14-dihydro X y-12-[2X4"-hydrc 
23,25-dimethoxy-1 3, 1 9,21 ,27-tetra-methyM 1 ,28-dioxa-4- azatricyclo[22.3.1 .OA^octacos-l 8-ene-2,3,1 0,1 6- 
tetraone (7.0g, 8.84 mmo!) containing 2,6 lutidine (3.7g, 34.6 mmol) was cooled to 0 °C and treated with 
triisopropylsilyl trifluoromethanesulfonate (1 1 .06g, 36.0 mmol). After stirring at RTfor 16 hr, the reaction mixture 
was diluted with n-hexane (400ml). The suspension was filtered and the filtrate passed over Si0 2 (760 g). Elu- 
_tion_with.nrhexane/ethyl acetate (3: 1 ) yielded 1 7-ethyl-1 -hydroxy- 1 4-triisopropyisilytoxy-1 2-[2'-(4"-triisopropyl- 
silyloxy-3"-methoxycyclohexyl)-1'-meto^ 

azatricyclo[22.3.1 .O^octacos-IB-ene^.S.I 0,16-tetraone (9.1 8g, 94%) as a foam. 
Mass Spec (C 6 iH 10 9NO 12 Si 2 )(1 104.72) FAB+Li:1110 (M+LI),745,720,695,266. 

Example 2 

17-AllyM-hydroxy-14-triisopropy1silyloxy-1^^ 

vinyl]-23,25-dimethoxy-1 3,1 9,21 ,27-tetramethyl-1 1 ,28-dioxa-4-azatricyclo[22.3. 1 .CH^octacos-l 8-ene- 
2,3,1 0,16-tetraone 

Treatment of ^-allyl-l.^-dihydroxy-^^'^^-hydroxy-S^-methoxycyclohexyiJ-V-methylvinyll^S^S-di- 
methoxy-13,19,21,27-tetramethyl-11,28-dioxa-4- azatricyclo^.S.I.O^-^octacos-IS-ene^^J 0,16-tetraone 
with triisopropylsilyl trifluoromethanesulfonate as in Example 1 yields 17-allyl-1 -hydroxy-1 4-triisopropylsilyloxy- 
1 2-[2'-(4' , -triisopropylsi!yloxy-3''-methoxycyclohexyl)-1 '-methylvinyl]-23,25-dimethoxy-1 3,1 9.21 ,27-tetramethyl- 
11,28-dioxa-4- azatricyclo^.S.I.O^^octacos-IS-ene^^.lO^e-tetraone. 

Example 3 - 

17-PropyM -hydroxy-1 4-triisopropylsi^ 

vinyl]r23,25-dimethoxy-1 3,1 9,21 ,27-tetramethyt-1 1 ,28-dioxa-4-azatricyclo[22.3.1 O^ j octacos-I 8-ene- 
2,3,1 0,16-tetraone 

The treatment of ^-propyi-l.^-dihydroxy-^-P'^^-hydroxy-S^methoxycydohexyl^l'-methyl-vinyl]- 
23,25-dimethoxy-13 f 19 l 21,27-tetramethyi-11,28-dioxa-4-azatricyclo[22.3.1.0 ^.octacos-l 8-ene-2, 3,1 0,16- 
tetraone with 2,6-lutidine and triisopropylsilyl trifluoromethanesulfonate in MeCI 2 as in Example 1 yields 
17-propyl-1-hydroxy-14-triisopropylsi^ 

nyl]-23.25-dimethoxy-13,19,21,27- tetramethyi-11 ,28-dioxa^azatric*do[22.3.1.0^ fl ^ 
tetraone. 
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Example 4 - — - — — — - 

17^Ethyl-1-hydroxy-14-t-bury1dimethylsilyloxy-^^ 

methylvinyl]-23,25-dimethoxy-13,19,21,27-teta ne- 
5 2,3,10.16-tetraon 

A solution of 17-ethyM t 14-dihydroxy-12^2'-(4^ 
methoxy-13,19,21.27-tetramethyl-11,28-dioxa-4- azatricydo^.S.I.O^-sioctacos-IS-en^.S.IO.ie-tetraone 
(7.0g, 8.84 mmol) in MeCI 2 (150 ml) containing 2,6 lutidine (2.26g , 23.0 mmol) was cooled to 0 °C and treated 

10 with t-butyldimethylsilyl trifluoromethanesulfonate (5.0g p 18.9 mmol). After stirring at RTfor 16 hrs, the reaction 
mixture was diluted with MeCI 2 (200ml) and washed with 1 N HCI (50 ml). The organic layer was separated and 
washed successively with saturated aqueous sodium bicarbonate and brine. After drying over magnesium sul- 
fate and removal of the solvent in vacuo, the residue was chromatographed over Si0 2 (750g). Elution with n- 
hexane/ethyl acetate (2:1) yielded 17-ethyl-1-hydroxy-14-t-butyldimethylsilyloxy-12-[2 , -(4"-t-butyldimethyl- 

15 silyloxy-3 M -methoxycydohexyl)-1 , -methylvinyl]-23,25-dimethoxy-13,19,21 I 27-tetramem aza- 
tricyclo^.S.I.CK^J-octacos-IB-ene-^S.IO.ie-tetraone (6.81 g, 73%) Mass Spec: C 55 Hg 7 N0 1 2Si( 1020.56) 
FAB:1042 (M+Na), 756, 678. 511, 266. 

Example 5 

20 "~ ™~ 1 

17-Al!yi-1-hydroxy-14-t-butyldimethyis^ 

methylvinyl]-23,25-dimethoxy-13,19,21,27-tetramem^^ 

2,3,10,16-tetraone 

25 The treatment of 1 7-allyl-1 ,14-dihydroxy-1 2-[2'-(4 w -hydroxy-3 w -methoxycyclohexyl)-1 '-methylviny1]-23,25- 

dimethoxy-13 r 19 7 2-1 7 27-teta 

with 2,6-lutidine and t-butyldimethylsilyl trifluoromethanesulfonate in MeCI 2 as in Example 4 yields 17-allyl-1- 
hydroxy-14-t-buty1dimethylsily1oxy-12-[2^4M-butyldi^^ 

25-dimethoxy-1 3,1 9,21 ,27-tetramethyl-1 1 ,28-dioxa-4- azatricydo[22.3.1 .0*» 9 ]octacos-1 8-ene-2,3,1 0, 1 6-tetraone. 

30 — - - — ........ 

Example 6 

17-MethyM-hydroxy-14-t-butyldimetylsilyloxy^ 
methylvinyl]-23,25-dimethoxy-13 t 19 t 21,27-teta 
35 2,3,10,16-tetraone 

The treatment of 17-methyl-1,14-di hydroxy- 12-[2^4"-h^ 
23,25-dimethoxy-1 3, 1 9,21 ,27-tetramethyl-1 1 .28-dioxa-4-azatricydo[22.3.1 .0 4 - 9 ]octacos-1 8-ene-2,3,1 0,1 6- 
tetraone with 2,6-lutidine and t-butyldimethylsilyl trifluoromethanesulfonate in MeCI 2 as in Example 4 yields 
40 17-methyl-1-hydroxy-14-t-butyldimethyte^ 

methylvinyt]-23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4- azatricydo-[22.3.1.0 4 - 9 ]octacos-18-ene- 
2,3, 10,1 6-tetraone. 

Example 7 

45 - 

— -T7-Ethyl-1-hydroxy-14-triisopropylsiW^ 

methoxy-13,19,21,27-tetramethyl-11,28-dioxa4-azatric^^ 

17-EthyM-hydroxy-14-triisopropylsilyloxy-12-^ 

so vinyl]-23,25-dimethoxy-13 p 19,21,27-tetramethyM 1 ,28-dioxa-4- azamcyclo[22.3.1.0^- 9 >octacos-18-ene-2 i 3,10, 
1 6-tetraone (8.98 g, 8.14 mmol) was slowly added to methanol (70 ml) containing p-toluenesulfonic acid mono- 
hydrate (0.70g). The compound slowly dissolved and after 2 hr, TLC hexane/ethyt acetate (3:1) indicated no 
starting material was present The reaction mixture was diluted to 250 ml with MeCI 2 and washed with saturated 
aqueous NaHC0 3 (250 ml). The organic layer was separated and the aqueous layer was extracted with 

55 additional MeCI 2 . The combined organic extracts were washed with brine and dried over magnesium sulfate. 
After evaporation in vacuo, the residue was chromatographed over Si0 2 and eluted with MeCI 2 /isopropanol 
(1 00:3) to yield 1 7-ethyl-1 -hydroxy, 1 4-triisopropylsilyloxy-1 2-[2'-(4"-hydr xy-3"-methoxycyclohexyl)-1 
methylvinyl}-23,25-dimethoxy-13, 19,21,27-tetramethyl-1 1,28-dioxa-4-azatricydol22.3.1. O^octacos-IS-en - 
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2,3,1 0.1 6-tetraone(6.77g,-87.9%).-Mass Spec: CMHeeNO^Si (948,37) FAB+Li:955 (M+Li)r721r695. 676, 553, 
266. 

Example 8 

17- Allyl-1-hydroxy-14-triisopropylsilyloxy-12^^^ 25- 
dimetoxy-13,19.21,27-tetramethyl-11,28-dioxa-4-azafri^ 8-ene-2, 3, 10, 16-tetraone. 

Treatment of 17-a!lyl-1-hydroxy-14-frirsopropyisilylo 
xyl)-1 '-methylvinyl]-23,25-dimethoxy-1 3.1 9,21 ,27-tetramethyl-1 1 1 28- dioxa-4-azatricydo-[22.3. 1 .0A 9 ]octacos- 

18- ene-2,3,10,16-tetraone as in Example 7 yields 17-allyl-1-hydroxy-14-triisopropyIsilyIoxy-12-[2'- 
(4 w -hydroxy-3"-methoxycydohexyl)-1 '-methylvinyl]-23,25-dimethoxy-1 3, 1 9,21 ,27-tetramethyl-1 1 ,28-dioxa-4- 
azatricyclo[22.3.1 .0 49 ]-octacos-1 8-ene-2,3,1 0,1 6-tetraone. 

Example 9 

17-methyl-1-hydroxy-14-t-buty1dimet^ 
methylvinyl}-23,25-dimethoxy-13,19,21,27-tetramethyl^^ 
2.3, 10,1 6-tetraone 

The treatment of 17-methyi-1 -hydroxy- 14-i-b^ 
methoxycyclohexyl)-r-methylvinyl]-23,25-dimethoxy-1 3,1 9,21 ,27- tetramethyl-1 1 ,28-dioxa-4-azatricyclo[22. 
3.1.0 4 ' 9 ]octacos-18-ene-2,3,10,16-tetraone as in Example 7 yields 17-methyl-1-hydroxy-14-triisopropylsilyloxy- 
12-[2'-(4"-hydroxy-3 w -methoxycyclohexyl)-1 '-methylvinyl]-23,25-dimethoxy-1 3,1 9.21 ,27-tetramethyM 1 ,28-di- 
oxa-4- azatricyclo-[22.3. 1 .O^loctacos-I 8-ene-2, 3,10,1 6-tetraone. 



Example 10 

17-EthyM,14KJihydroxy-12-[2H4*-rt^^ 
thoxy-1 3,1 9,21, 27-tetramethyM1,28-dioxa^^ 

A stirred solution of 17-ethyl-1,14-dihydroxy-12-[2'-(4*-hy^ 
23,25-dimethoxy-1 3, 1 9,21 ,27-tetramethyl-1 1 ,28-dioxa-4- azatricydo[22.3.1 .O^Joctacos-l 8-ene-2,3,1 0,1 6-te- 
traone (3.25g, 4.1 mmol) in meCI 2 (17 ml) containing imidazole (2.55g, 48.7 mmol) was cooled to 0 °C and 
treated with triisopropylsilyi trffluoromethanesulfonate (7.41g, 24.2 mmol). The reaction mixture was allowed 
to warm to RT and stirred for 16 hrs. The reaction mixture was diluted with MeCI 2 (20 ml) and n-hexane (40 
ml). The resultant suspension was filtered and the filtrate was passed over Si0 2 . Elution with n-hexane/ethyl 
acetate (3:1) yielded 17-ethyl-1,14-dihydroxy-12-{2'-(4 w -triisopropylsilyloxy-3"-methoxycydohexyl)-1 r -methy^ 
vinyl]-23.25-dimethoxy-1 3,1 9,21 ,27-tetramethyl-1 1 ,28-dioxa-4- azatricyclo[22.3. 1 .O^Joctacos-IS-ene^S.IO. 
16-tetraone (3.35g, 86.3%). Mass Spec: C 4 9H 83 NO 12 Si(906.29) FAB:928(M+Na), 756. 678, 511, 266. 

Example 1 1 



17-AllyM,14-dihydroxy-12-[2'-(4 w -frn^ 

thoxy-1 3,1 9,21, 27-tetramethyM 1,28-dioxa^-azatricyd 



Treatment of 17-allyl-1,14^ihydroxy-12-[2'-(4 w -hydroxy-3 w -methoxyc^clohexyl)-1'-methylvinyl}-23 f 2 5-di- 
methoxy-13,1 9,21 ,27-tetramethyl-1 1 ,28-dioxa-4-azatricyclo[22.3.1 .O^octacos-I 8-ene-2,3,1 0,1 6-tetraone 
with imidazole and triisopropylsilyi trifluoromethanesulfonate as in Example 10 yields 17-allyl-1-hydroxy-14- 
triisopropylsHyloxy-12-[2X4"-triiso^ 

19,21,27-tetramethyl-11,28-dioxa-4- azatrtcyd o[22. 3. 1.0*.9]octacos-18-ene-2, 3, 10, 16-tetraone. 
Example 12 

17-PropyM.14-dihydroxy-12-[2X4Mriisop 
thoxy-13,19,21,27-tetramethy1-11,28-dioxa^-azatrfc^^ 



Treatment of 17-propyl-1,14-dihydroxy-12-[2'(4 w -hydroxy-3 n -methoxycydohexyl)-1 , -m thylvinylJ-23, 25- 
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_dimethoxy-13J9,21 f 27-tetramethyl-11,28-dioxa^-azatncyclo[22.3.1.0 4 - s ]octacos-18- ne-2,3,10,16-t traone 
with imidazole and triisopropylsilyl trifluoromethanesulfonate as in Exampl 10 yields 17-propyM-hydroxy-14- 
triisopropy!silyloxy-12-[2X4Mriisopropyfsilyloxy-^^^ 

1 9,21 ,27-tetramethyM 1 ,28-dioxa^4- azatricyclo[22.3. 1 .O^Joctacos-l 8-en -2,3, 1 0,1 6-tetraone. 
Example 13 

17-Ethyl-1.14-dihydroxy-i2-[2'-(4M-butyldimethv^^^ 

thoxy-1 3,1 9,21 .27-tetramethyM.I ,28-dioxa-4-azatricyclo[22.3.1 .0 4 °]octacos-1 8-ene-2, 3, 1 0 t 1 6-tetraone 

Treatment of 17-ethyl-1 ,14-dihydroxy-12-[2'-(4' r -hydroxy-3 w -methoxycyclohexyl)-1 '-methytvinyl]-23,25-di- 
methoxy-13 I 19,21,27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.0 49 )octacos-18-ene-2,3, 10,1 6-tetraone 
with imidazole and t-butyldimethylsilyl trifiuoromethane sulfonate as in Example 10 yields 17-ethyi-1,14-dihyd- 
roxy-12-[2'-(4M-butyldimethyl-silyloxy-3 w -niethoxycyclohexyl)-r-methylvinyi^23,25-dime^ 
tetramethyl-1 1 ,28 T dioxa-4-azatricyclo[22.3.1 .0 4 ' 9 ]octacos-18-ene-2,3,10,16-tetra-one. 

Example 14 

. 17-Allyl-1,14-dihydroxy-12-[2'-(4M-b^ 
thoxy-13,19,21,27-tetramethy1-11.28-dioxa-4-azatri^^ 

Treatment of 1 7-allyM ,14-dihydroxy-1 2-[2'-(4"-hydroxy-3"-methoxycyclohexyl)-1 '-methyl-vinyl]-23,25-di- 
methoxy-13,19,21,27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.0 4 « 9 ]octacos-18-ene-2,3 ( 10,16-tetraone 
with imidazole and t-butyldimethylsilyl trifluoromethanesulfonate as in Example 10 yields 17-allyl-1,14-dihyd- 
roxy-12-[2'-(4M-butyldimethy1silyloxy-3"-m^ 
— tetramethyl-1 1,28Kjioxa^-azatricyclo[22.3.1.0- 4 ' 9 ]octacos-18-ene-2i3 r 10 r 1 6-tetraone. — 

Example 15 

17-MethyM,14-dihydroxy-12-[2M-(4M-butyldimethy^ 25- 
dimethoxy-13,19,21.27-tetramethyl-11,28-dioxa-4-azart 

Treatment of 17-methyl-1,14^ihydroxy-12-[2'-(4 w -hydroxy-3 M -methoxycyclohexyl)-r-methylvinyl]-23,25- 
dimethoxy-13,19,21 f 27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.0 4 * 9 ]octacos-18-ene-2,3,10, 16-tetraone 
with imidazole and t-butyldimethylsilyl trifluoromethanesulfonate as in Example 10 yields 17-methyl-1,14-dihyd- 
roxy-12-[2X4M-buryldimethy1silyloxy-3"-meth^ 

tetramethyl-1 1 ,28-dioxa-4- azatricyclo[22.3.1 .O^octacos-ie-ene-^S, 10,1 6-tetraone. 
Example 16 

17-Ethyl-1-hydroxy-12-[2'-(4Mriisopropylsilyloxy-3 w -^ 
thoxyl 3,1 9, 21 ,27-tetramethyM 1,28-dioxa^-azatri^^ 

A solution of 17-ethyl-1,14-dihydroxy-12-{2 , -(4''-triisopropylsilyloxy-3''-methoxycyclohexyl)-1 # -methyl- 
vinyl]-23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4- azatricydor^.S.I.O^^octacoslS-ene-^S.IO.ie- 
tetraone^(^150-mg,-0.-16- mmol)-in-MeCI 2 -(5.0-ml) containing-triethytamine (92r2-mg, 0.91 -mmol) and 4- 
dimethylaminopyridine (61 mg, 0.49 m mo!) at 0°C, was treated with methanesulfonyl chloride (69.6 mg, 0.61 
mmol). After stirring at RT for 2. 5 hr, the reaction mixture was diluted with MeCI 2 (10 ml) and water. The aqueous 
layer was separated and extracted with additional MeCI 2 . After drying over magnesium sulfate, the solvent was 
removed in vacuo. The residue was chromatographed over Si0 2 (10 g). Elution with n-hexane/ethyl acetate 
(3:1) yielded 17-ethyM -hydroxy- 12-[2'-(4 w -triisopropylsilyloxy-3 w -methoxycyclohexyl)-1'-methylvinyl}-23,25- 
dimethoxy-1 3,19,21, 27-tetra methyl- 1 1 ,2 8-dioxa-4- azatricyclo[22.3.1.0 49 )octacos-14,18-diene-2,3,10,16-te- 
traone (86.6 mg, 58%). Mass Spec: C^HgQNOnSi (930.36) FAB+U1090 (M + +Li+MATRIX) 936 (M+Li). 
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_ Exampl JlZ _ _ _ . 

17-A)lyl-1-hydroxy-12-[2M4 f '-tr^ 

13,19,21 ,27-tetramethyl-11,28^ioxa-4-azatricyclo[22. 3.1.0^ 

A solution of 17-allyM ,14-dihydroxy-12-[2M4 w -m'isopropylsily1oxy^ 
23,25-dimethoxy-1 3, 1 9.21 , 27-tetra-methyl-1 1 ,28-dioxa-4- aza tricyclo[22.3. 1 .O^loctacos-1 8-ene-2,3, 10.16- 
tetraone with triethylamine, 4-dimethylaminopyridine and methanesulfonyl chloride in MeCI 2 as in Example 16 
yields 17-allyl-1-hydroxy-12-[2'^4 M -triisopropyisilyloxy-3 M -methoxy-cyclohexyl)-1 / -m^ 
thoxy-13,19,21. 27-tetramethyl-11 ( 28^ioxa-4-azatricyclo[22.3.1.0*. 8 ] octacos-1 4, 18-diene-2, 3, 10, 16-tetraone. 

Example 18 

17-Propyl-1-hydroxy-12-[2X4'Mriisopro^ 

13,19,21 ,27-tetramethyl-11,28-dioxa-4-azatricyc^^ 

A sol ution of 17- propy l-1,14 ^ihydroxy-12-[2'-( 4"-triisopropylsi)ylo^ 

vinyl)-23, 25-dimethoxy-1 3,1 9,21 ,27-tetramethyi-1 1 ,28-dioxa-4-~azatricydoI22~3. 1 .O^octacos-1 8-ene-2,3,1 0, 

16- tetraone with triethylamine, 4-dimethylaminopyridine and methanesulfonyl chloride in MeCI 2 as in Example 
16 yields 17-propyl-1 -hydroxy- 12-[2M4 w -triisopro 

methoxy-1 3,19,21,27- tetramethyl-1 1 i 28-dioxa-4-azatricyc!o[22.3.1 .0 4 ^joctacos-14 f 18-diene-2,3,10,16-tetfa- 
one. 

Example 19 

17- Ethyl-1-hydroxy-12-[2X4'M-butyldimethylsi^^ 
thoxy-1 3,1 9,21, 27-tetramethyl-11,28-dioxa^-azatr^^ 

A solution of 17-ethy1-1 ( 14-dihydroxy-12-[2'-(4' f -t-butyldimethylsilyloxy-3''-methoxycyclohexyl) 1'-methyl- 
vinyl]-23,25-d imethoxy-13 f 19,21 t 27-tetra-methyl-1 1 t 28-dioxa-4-azatricyclo[22.3.1.0 4 ' 9 ]octacos-18-ene-2 f 3,10 t 

16- tetraone with triethylamine, 4-dimethyiaminopyridine and methanesulfonyl chloride in MeCI 2 as in Example 
16 yields 17-ethyl-1-hydroxy-12-[2'-<4M-butyldi^^ 

dimethoxy-13,19,21,27- tetramethyl-1 1 t 28-dioxa^azatricydcK22.3.1.0*- 9 ]c<:tacos-14 p 18^iene-2,3,10,16-te 
one. Mass Spec: C^HeiNOnSifSSS^S) FAB:910 (M+Na),870, 678,266. 

Example 20 

17- Allyl-1-hydroxy-12-[2S4M-butyldimet 

thoxy-1 3,1 9,21, 27-tetramethyl-11,28-dioxa-4-azatrfc^^^ 

A solution of 17-allyl-1,14-dihydroxy-12-[2 r -(4"-t-butyldimethylsilyloxy-3''-methoxycyclohexyl)-r-methyl- 
vinyl]-23,25-dimethoxy-13,19,21,27-tetra- methyl-1 1 ,28-dioxa-4-azatricydo[22.3.1.0 4B ]octacos-18-ene-2,3,10, 

16- tetraone with triethylamine, 4-dimethylaminopyridine and methanesulfonyl chloride in MeCI 2 as in Example 

^l^yjeld^sjLTr^yJ^h^ 

methoxy-13,19,21,27- tetramethyl-1 1,28-d ioxa-4-azatricyclo[22. 3.-1. O^J-octacos-l 4,1 8-diene-2,3, 10, 16-tetra- 
one. 

Example 21 

17- Methy!-1-hydroxy-12-[2'-(4"-t-butyM^ 

thoxy-1 3,1 9,21, 27-tetramethyl-11,28-dioxa^-azatri^ 

A solution of 1 7-methyM,14-d i hydroxy- ^-[^-^"-t-butyl dimethyls ilyloxy-3"-methoxycyclohexy I)- 1'- 
methylvinyl}-23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4- azatricyclo[22.3.1.0 49 ]octacos-1&-ene- 
2,3, 10, 16-tetraone with triethylamine, 4-<Jimethylaminopyridine and methanesulfonyl chloride in MeC! 2 as in 
Example 1 6 yields 17^ethyl-1-hydroxy-12-[2 l -(4M-butyldimemylsilyloxy-3"-methoxy-cyclohexyl)-r-methyl- 
vinyl]-23,25-dimethoxy-1 3,1 9,21,27- tetramethyl-1 I^S-dioxa^-azatricyclo^.S.I.O^-octacos-l 4,1 8-diene- 
2.3,10,16-tetraon . 
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~ Example 22 - - 

17rEthyM-hydroxy-12-[2'-(4 w -trite^ 

13,19,21 ,27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3.^ ^^ ne 

5 

A solution of 17-ethyi-1-hydroxy-12-[2'-{4Mriisopropylsilyloxy-3"-^ 
23 ( 25^imethoxy-13,19 i 21 ( 27-tetramethyl-11,28-dioxa-4- azatricyclo[22.3.1.0 49 ]octaco&-14 l 18-diene-2,3,10 l 16- 
tetraone in toluene containing a catalytic amount of acetic acid is treated with a catalytic amount of tet- 
rakis(triphenylphosphine) palladium(O). After 5 minutes, 1.1 equivalents of tri-n -butyl tin hydride is added and 

10 the reaction is stired at RT until the proton NMR of an aliquot indicates that the reaction is complete. After 
quenching the reaction mixture with water and extraction with ether, the ether extracts are washed with brine 
and dried over magnesium sulfate. Chromatography of the residue over Si0 2 yields 17-ethyl-1-hydroxy-12-[2 , - 
(4"-triisopropylsilyloxy-3 w -methoxycyc!ohexyl)-1 '-methylvinyl]-23,25-d i-methoxy-1 3, 1 9,2 1 ,27-tetramethyl-1 1 , 
28-dioxa-4- azatricyclo^.S.I.O^Joctacos-IS-ene^^l 0,1 6-tetraone^ Alternatively, the enone can be reduced 

15 by dissolving this material (350 mg) and 15 mg of 5% Rh/C in 10 ml of ethanol or ethyl acetate and stiring under 
a hydrogen atmosphere. When the reaction is complete (tic and/or 1 H NMR), the mixture is filtered through 
diatomaceous earth, concentrated and the residue subjected to flash chromatography (75% CH 2 CI 2 : 5% MeOH: 
20% n-hexane) to give 294 mg of the titled compound. 

20 Example 23 ~ """" L 

17-Allyl-1 ^hydroxy- 12-[2'-(4 w -triisoprory Is ily^ox-3 w -methoxycyclohexyl)-1 , -methyl vinyl]-23,25-dimethoxy- 
13,19,21 .27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.0 4 ' 9 ]octacos-18-ene-2,3,1 0,1 6-tetraone 

25 The reduction of 17-allyt-1-hydroxy-12-[2X4"-triisopropylsn 

23,25-dimethoxy-13 r 19,2-1 T 27-tetramethyl-11 T 28-dioxa-4- azatricydo[22.3.1.0*.^octacos-14,18-diene-2,3,1 0,16- 
tetraone with tetrakis-(triphenyIphosphine)palladium(0) in toluene with tri-n-butyitin hydride as in Example 22 
yields 17-aJlyl-1-hydroxy-12-[2'-(4"-triisopropylsi1yloxy-3^ 

13,19,21 ,27-tetramethyM 1,28^ioxa-4-azatricyclo [22. 3. 1.0 4 '«]octacos-18-ene-2,3,1 0,16-tetraone. 

30 

Example 24 

17-propyl-1-hydroxy-12-[2'-(4Mriisopropylsnyloxy-3Vne 

1 3, 1 9,21 ,27-tetramethyM 1 ,28-dioxa-4-azatricyclo[22.3. 1 .O^joctacos-I 8-ene-2,3, 1 0,1 6-tetraone 

35 

The reduction of 17-propyl-1-hydroxy-12-{2 r -(4' , -triisopropylsilyloxy-3''-methoxycyclohexyl)-1'-methyl- 
vinyl]-23,25-dimethoxy-13,1 9,21,27-tetramethyl-1 1 t 28-dioxa-4- azatricydo[22.3.1.0 4 ' & ]octacos-14,18-diene-2, 
3, 10,1 6-tetraone with tetrakis(tripheny1phosphine)palladium(0) in toluene with tri-n-butyitin hydride as in 
Example 22 yields 1 7-propyl-1 -hydroxy- 12-[2'-(4"-triisopropylsilyloxy-3 w -methoxycyclohexyl)-1 '-methylvinyl]- 
40 23,25-dimethoxy-1 3, 1 9,21 ,27-tetramethyM 1 ,28-dioxa-4-azatricyclo[22.3.1 .0 4 *]octacos-1 8-ene-2,3, 10,16- 
tetraone. 

Example 25 



45 17-Ethyl-1-hydroxy-12-[2?-(4M-butyldimethylsilyloxy-3 w -methoxycyclohexyl)-r-methylvin 

- 43r19.21,27-tetramethyl-11,28^ 

The reduction of 17-ethyl-1-hydroxy-12-[2'-(4''-t-butyldimethylsilyloxy-3 w -methoxycyclohexyl)-1 , -methyl- 
vinyi]-23,25-dimethoxy-1 3,1 9,21, 27-tetramethyl-1 1,28-dioxa-4- azatricyclo[22.3.1.0 4 . 9 ]octacos-14,18-diene-2, 
50 3, 10,1 6-tetraone with tetrakis(tripheny!phosphine)palladium(0) in toluene with tri-n-butyltin hydride as in 
Example 22 yields 17-ethyl-1-hydroxy-12-[2'-(4M-butyldimethylsilyloxy-3' f -methoxycyclohexyl)-V-methyl- 
vinyl]-23,25-dimethoxy-1 3,1 9,21 ,27-tetramethyl-1 1 ,28-dioxa-4- azatricydo-[22.3.1.0 4 - fl ]octacos-18-ene-2,3,1 0,16- 
tetraone. 

55 



20 



BP 0 480 623 A1 



Example 26 _ 

17 T AllyM-hydroxy-.12 r [2'-(4M-butyldi^^ xy. 
1 3 t 1 9,21 ,27-tetramethyM 1 ,28-dioxa-4-azatricyclo[22.3. 1 .O^loctacos-I 8-ene-2,3, 1 0,1 6-tetraone 

The reduction of 1 7-allyM -hydroxy- 1 2-[2'-(4"-t-butyldimethylsilyloxy-3''-methoxycyclohexyl)-1 '-methy I- 
vinyl]-23,25-dimethoxy-13 l 19,21 f 27-tetramethyl-11,28-dioxa-4- a2atricyclo(22.3.1.0 4 . 9 ]octacos-14 ( 18-diene-2,3 f 
10, 16-tetraone with tetrakis(triphenylphosphine)palladium(0) in toluene with tri-n- butyl tin hydride as in Example 
22 yields 1 7-allyM -hydroxy-12-[2'-(4M-butyW^ 

methoxy-13,19,21,27-tetramethyl-11,28-dioxa-4- azatricyclo-[22.3.1.CH- 9 ]octacos-18-ene-2,3 f 10,16-tetraone. 
Example 27 

17-Methyl-1-hydroxy-12-P'-(4M-butyldim^ 

thoxy-1 3,1 9,21. 27-tetramefrvl-11,28-dioxa-4-azatric^^^ 

The reduction of 17-methyM-hydroxy-12-[2'^4M-butyldimethylsilyto^ 
vinyl]-23,25-dimethoxy-1 3,1 9,21, 27-tetramethyl-1 1,28- dioxa-4-a2atricyclo[22.3.1.0 4 .9]octacos-14,18-diene-2 I 
3, 10, 16-tetraone with tetrakis.(triphenylphosphine)palladium(0) in toluene with tri-n-butyltin hydride as in 
Example 22, yields 17-methyM-hydroxy-1242'-(4"-t-butyldimethv^^^ 
vinyl]-23 t 25-di-methoxy-13,19,21,27-tet^^^ 
16-tetraone. 

Example 28 

— 1ZTEthyk1rhydroxy^2r[2^!^ 

tetramethyi-1 1 ,28-dioxa-4-azatricyclo[22.3.1 .O^octacos-I 8-ene-2,3,1 0,1 6-tetraone 

The treatment of 17-ethyl-1 -hydroxy- 12-[2'-(4''-t-b utyl dimethyls ilyloxy-3"-methoxycyclohexy I)- 1'-methyl- 
vinyl]-23,25-dimethoxy-1 3,1 9,21, 27-tetramethyl-1 1 ,28-dioxa-4- azatricydo[22.3.1.0 4 - 9 ]-ottacos-18-ene-2,3,10, 

16- tetraone with p-tolunesulfonic acid as in Example 7 yields 17-ethyM- hydroxy- 12-[2X4"-hydroxy-3''Mne- 
thoxy-cyclohexyl)-1 '-methyl vinyi]-23,25-dimethoxy-1 3,1 9, 21 ,27-tetramethyM 1 ,28-dioxa-4-azatricyclo[22.3.1. 
04,9] oc tacos-1 8-ene-2,3,10,1 6-tetraone. 

Example 29 

1 7- Allyl-1 -hydroxy-1 2-[2 > -(4 w -hydroxy-3 w -methoxy-cyclo hexyl)-1 '-methylvinyl]-23,25-dirnethoxy-1 3, 1 9,2 1 ,27- 
tetramethyM 1,28-dioxa-4-azatricyclo[22.-3.1.0 4 - 9 ]oc^ 

The treatment of 17-allyl-1- hydroxy- 1 2-[2'-(4 M-butyld imethy Is ilyloxy-3 w -methoxycyclohexyl)-1 '-methyl- 
vinyl J-23,25-dimethoxy-1 3,1 9,21 ,27-tetramethyM 1 ,28-dioxa-4- azatricyclo[22.3.1 .O^^-octacos-l 8-ene-2,3,10, 
16-tetraone with p-tolunesulfonic acid as in Example 7 yields 17-allyl-1-hyd^oxy-12-[2'-<4 w -hydroxy-3 , '- 
methoxycydohexyl)-1'-methylvinyl]-23,25-dimethoxy-13,19, 21,27-tetramethyM1,28-dioxa-4-azatricyclo[22.3. 
1 .O^Joctacos-l 8-ene-2,3, 10,1 6-tetraone. 

Example 30 

^-propyl-l-hydroxy-^-P'-^-hydro 

1 3,1 9,21 ,27-tetramethyl-1 1 ,28-dioxa-4-azatricyclo-[22.3.1 .0 4fl ]octacos-1 8-ene-2,3, 1 0, 1 6-tetraone 

The treatment of 1 7-propy1-1-hydroxy-12-[2'-(4M-buty1dimethylsilyloxy-3' , Hnethoxycyclohexyl)-1 , -methyl- 
vinyl]-23 I 25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4- azatricydopzai.O^Joctacos-IS-ene^.S.IO, 
16-tetraone with p-tolunesulfonic acid as in Example 7 yields 17-propyM-hydroxy-12-[2'-{4 rt -hydroxy-3^ 
methoxycydohexyi}-1'-methylvinyl]^ 
1.0 4 - 9 ]octacos-18-ene-2,3,10,16-tetraone. 
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Example 31 

17-Ethyl-1-hydroxy-144riisopropyls^ 

methylvinyl>23,25-dimethoxy-13,19,21,27-tetram 

2,3,10,16-tetraon 

A solution of 17^thyM -hydroxy- 14-triiso propyls il^ 
methylvinyl}-23,25-dimethoxy-1 3,1 9,2 1,27-tetramethyl-1 1,28- dioxa^-azatricyclo^^.l.^^J-octacos-IS-ene- 
2,3,10,16-tetraone(1.0 g, 1.06 mmol) in MeCI 2 (20 ml) containing 4-dimethylaminopyridine (312 mg ( 2.55 mmol) 
and diisopropytethyiamine (319 mg, 2.47 mmol) was treated with o-nitrobenzenesulfonyl chloride (476 mg, 2.14 
mmol). After stirring at RT for 18 hr, the reaction mixture was diluted with MeCI 2 (20 ml). The resultant suspen- 
sion was filtered and the filtrate passed over Si0 2 (90g). Elution with n-hexane/ethyl acetate (1:1) yielded 17- 
ethyl-1-hydroxy-14-triisopropylsilyloxy-12-[2'^ 

viylJ-23,25- dimethoxy-13,19,21 ,27-tetramethyl-1 I^S-dioxa^-azatricyclo^ZS.I.CM.gjoctacos-IS-en^.S.IO, 

16- tetraone (933 mg, 78%) and starting material (206 mg, 20%). 

Example 32 

17- AJIyl-1-hydroxy-14-triisopropylsilyloxy-1^ 

methylvinyl]-23,25-dimemoxy- 1 3, 1 9,2 1 ,27-tetra methyl- 1 1 ,28-dioxa-4-azatricy clo[22.3. 1 .O^octacos-I 8-ene- 
2,3,1 0 r 1 6-tetraone 

Treatment of 1 7-allyM-hydroxy-14-triisopropylsilyloxy-1 2-[2'-(4 w -hydroxy-3"-rnethoxycyclohexyl)-1 
methylvinyl]-23.25-dimethoxy-1 3.1 9,21 ,27-tetramethyl-11,28-dioxa-4- azatricyclo[22.3.1.0*. 9 ]-octacos-18-ene- 
2,3, 10, 16-tetraone with o-nitrobenzenesulfonyl chloride as in Example 31 yields 17-allyl-1-hydroxy-14-triisop- 
ropylsilyloxy-12^X4''<^nitrobenzenesulfon^ 

1 3, 1 9,21 ,27-tetramethyM 1 1 28-dioxa-4- azatricyclo[22.3.1 .OAsjoctacos-l 8-ene-2,3, 1 0, 1 6-tetraone. 
Mass Spec: CseHeeNaOteSi (1091.45) FAB:11 13(M+Na), 678, 511, 266. 



Example 33 

17-PropyM-hydroxy-14-triisopropylsilylox 

methylvinyl]-23 ,25-dimethoxy- 1 3, 1 9.2 1 ,27-tetra methy 1-1 1 ,28-dioxa-4-azatricyclo[22.3. 1 .0Ag]octacos-1 8-ene- 
2,3, 10, 16-tetraone 

Treatment of 1 7- propyl- 1 -hydroxy- 14-triisopropy Is ilyloxy-1 2-[2'-(4"-hydroxy-3"-methoxycyclohexy I)- 1 
methylvinyl]-23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4- aiatricyclo[22.3.1.0 4 ^ctacos-18-ene- 
2.3,1 0,1 6-tetraone with o-nitrobenzenesulfonyl chloride as in Example 31 yields 17-propyl-1-hydroxy-14- 
triisopropylsilyloxy-12-[2'-(4"-c-nitro^ 

thoxy-1 3,1 9,21 .27-tetramethyl-11,28-dioxa-4- azatricy clo[22. 3. 1.0<.»]octa-cos-18-ene-2, 3, 10, 16-tetraone. 
Example 34 

17-EthyM-hydroxy-12-{2X4"^-nitrobenzenesuK 

thox-1 3, 1 9,2 1 ,27-tetramethyl-1 1 ,28-dioxa-4-azatricyclo[22.3. 1 .0A 9 ]octacos-1 8-ene-2,3,1 0, 1 6-tetraone 

Treatment of 17-ethyl-1-hydroxy-12-[2M4"-hydroxy-3 w -methoxy 
thoxy-1 3,1 9,21 ,27-tetramethyl-1 1,28-dioxa-4-azatricyclo[22.3.1.0 4 - 9 ]octacos-18-ene-2,3, 10,1 6-tetraone with 
o-nitrobenzenesulfonyl chloride as in Example 31 yields 17-ethyl-1-hydroxy-12-[2'-(4''-o-nitrobenzenesul- 
fonyloxy-3"-methoxycyclohexyl)-1'-methylvinyl]-23,25-dimethoxy-1 3,1 9,21 ,27-tetramethyl-1 1 ,28- dioxa-4-azat- 
ricyclo[22.3. 1 ,0*- 9 ]octacos-1 8-ene-2, 3,1 0,1 6-tetraone. 

Example 35 

17-AllyM-hydroxy-12-[2^4 w -o-nitrobenzen 

thoxy-1 3.1 9,21, 27-tetramethyl-11,28-dioxa^-azatri^^ 



Treatment of 1 7-allyl-1 -hydroxy-1 2-[2'-(4 w -hydroxy-3"-methoxycyclohexyl)-1 '-methyrvinyl}-23,25-dime- 
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thoxy-1 3. 1 9,21 ,27-tetramethyM 1 , 28-dioxa-4- azatricyclo[22.3. 1 .O^Joctacos- 1 8-ene-2,3, 1 0, 1 6-tetraone with 
o-nitrobenzen sulfonyl chloride as in Exampl 31 yields 17-ally1-1 -hydroxy-1 2-[2'-(4"-o-nitr benzen sul- 
fony|oxy-3"-m thpxycydoh xy1)-t'-me%lvinyi]-23.25-dimethoxy-13,1^^ 
ricyclo[22.3. 1 .O^octacos-I 8-en -2,3,1 0, 1 6-tetraone. 

Example 36 

17-propyl-1 -hydroxy-1 2-(2'-(4 w -o-nitrobenzenesulfony 

thoxy-1 3,1 9,21 ,27-tetramethyl-1 1 ,28-dioxa^4-azatricyclo[22.3.1 .Q 4 - 9 ]octacos-1 8-ene-2,3, 1 0, 1 6-tetraone 

Treatment of 17-propy1-1 -hydroxy-1 2-[2^4"-hydroxy-3"-m^ 
thoxy-13.19,21.27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.0 4 ' 9 ]octacos-1 8-606-2,3, 10,1 6-tetraone with 
o-nitrobenzenesurfonyl chloride as in Example 31 yields 17-propy1-1 -hydroxy-1 2-[2'^4 w -o-nitrobenzenesul- 
fonyloxy-3"-methoxycydohexyl)-r^ azat. 
ricyclo[22.3.1.0 4 ' 8 ]octacos-18-ene-2,3,1 0,1 6-tetraone. 

Example 37 

17-EthyM-hydroxy-14-triis6propylsW^ 
- 23;25=dimethox-13,19;2l727-tetrame 
tetraone 

A solution of 17-ethyl-1 -hydroxy- 14-triisopropylsilyIoxy-12-[2'-<4 w -o-nitro benzen esulfonyloxy-3 w - 
methoxycyclohexyl)-1 '-methylvinyl]-23,25-dimethoxy- 1 3,1 9,21 t 27-tetramethyl-1 1 ,28-dioxa^-azatricydo[22.3. 
LO^octacos-IS-ene^AIO.1 6-tetraone (222 mg, 0.2 mmol) in dimethylformamide (12 ml) under N 2 atmos- 
— phere,-was-treated-with-lithium-chloride (13011^3 mmol)-and-heated-at-70°G-After5 hr r the reaction mixture 
was cooled, diluted with H 2 0 (90 ml) and extracted with diethyl ether (3 x 100 ml). The combined ether extracts 
were washed five times with water, dried over magnesium sulfate and evaporated in vacuo. Thin layer prep- 
arative chromatography on Si0 2 [n-hexane/ethyl .acetate (.1:1 )]_yie!ded 17-ethyl-1 -hydroxy- 1 4-triis.opropyl- 
-silyloxy-12-[2^(4"-beta-chloro-3 w -methoxycyclohexyl)-r-methylvinyl}-23,25- dimethoxy-13,19,21,27-tetrame- 
thyl-II^B-dioxa^-azatricyclo^.S.I.O^'Oloctacos-IS-ene^.S.IO.ie-tetraone (134 mg). Mass Spec C M 
H 2 flCLN0 11 Si(996.82) FAB:997 (M+1), 965, 720,694, 676,553. 

Example 38 

1 7-allyl-1 -hydroxy-1 4-triisopropylsilyloxy-1 2-(2 , -(4"-beta-chloro-3 w -methoxcyclohexyl)-1 '-methylvinyn-23,25- 
dimethox-1 3,19,21 ,27-tetramethyt-1 1 ,28-d ioxa-4-azatricyclo(22.3. 1 .O^octacos-I 8-ene-2,3, 10,1 6-tetraone 

Treatment of 17-allyi-1 -hydroxy-1 4-triisopropylsilyioxy-12-{2'-(4''-o-nitrobenzenesulfonyloxy-3"-methoxy- 
cyclohexyl)-1'-methyivinyl]-23 f 25-di-methoxy-1 3,19,21,27- tetra methyl- 11,28-dioxa-4-azatricyclo[22.3. 1.04.9] 
octa-cos-18-ene-2,3, 10,1 6-tetraone with lithium chloride as in Example 36 yields 17-allyl-1 -hydroxy, 14-triisop- 
ropytsily1oxy-12^2M4*-beta-chlor^^ 
— ramethyl-11,28=dioxa^4- azatricyclo[22;3rl;0 4 . 9 ]octacos-18-ene-2^37l0;16=tetradne: 

Example 39 



17-Propyl-1 -hydroxy-1 4-triisopropylsi)yloxy-12-[2'-(4"-beta-chlor^^ 

23,25-dimethoxy-1 3, 1 9,21 ,27-tetramethyl-1 1 ,28-dioxa-4-azatricydo[22.3. 1 .O^octacos- 1 8-ene-2,3, 10,16- 
tetraone 

Treatment of 1 7-propyl-1 -hydroxy-1 4-triisopropylsilyloxy-1 2-[2'-(4"-o-nitrobenzenesulfony1oxy-3"-metho- 
xycyclohexyi)-1 '-methylvinyl]-23,25-di-methoxy-1 3,1 9,21 ,27- tetramethyM 1 ,28-dioxa-4-azatricyclo[22.3.1 .OA*] 
octacos-18-ene-2,3,1 0,1 6-tetraone with lithium chloride as in Example 36 yields 1 7-propyl-1 -hydroxy-1 4~ 
friisopropylsilyloxy-1 2-P'^4"-be^ 

tetramethyl-11,28-dioxa-4- azatricyclo[22.3.1.0 4 ^]octacos-18-ene-2,3, 10,1 6-tetraone. 
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^Example 40 

17-Ethyl-1 -hydroxy-1 2-{2M4"-beta-chloro-3 w -^^ 

13,19.21 ,27-tetramethyl-11,28-dioxa-4-azatricyclo-(22.3.1^^ 

Treatment of 17-ethyl-1-hydroxy-12-[2'-(4*-CKnitrobenzenesu^ 
vinyl]-23,25-dimethoxy-13 ( 19,21,27-tetramethyl-11 f 28-dioxa-4- azatricyclo^.S.I.CH^octacos-IS-ene^.S.IO, 

16- tetraone with lithium chloride as in Example 8 yields 17-ethy 1-1 -hydroxy- ^^'^"-beta-chloro-S"- 
methoxycyclohexyl)-1 '-methy1vinyl]-23,25-dimethoxy-1 3,1 9,21 ,27-tetramethyl-1 1 ,28-dioxa-4-azatri cyclo[22. 
3. 1 .O^loctacos-1 8-ene-2,3, 1 0,1 6-tetraone. 

Example 41 

17- AllyM-hydroxy-12-[2M4"-beta-choro^^ 

13,1.9,21 ,27-tetramethyl-1 1 ,28-dioxa-4-azatricydo-[22.3. 1 .(H^octacos-I B-ene-2,3, 1 0, 1 6-tetraone 

Treatment of 17-allyl-1-hydroxy-12-[2X4"-o-nitrobenzenesulfonyloxy-3"-methoxycyclohexyl)-1'-methyl- 
vinyll^S^S-dimethoxy-IS.IQ^I^-tetramethyl-II^S-dioxa^- azatricycl^ZS.I.^J-octacos-IS-en^.S.IO, 
_ 16-tetraone jArithJltfy 

thoxy-cyclohexyl)-1 '-memylvinyl]-23;25-dimethoxy-1 3,1 9, 21 ,27-tetramethyl-11 ,28-dtoxa-4-azatricyclo[22.3.1 . 
Q^Joctacos-l 8-ene-2,3,1 0,1 6-ietraons. 

Example 42 

1 7-Propyl-1 -hydroxy-1 2-[2'-(4 w -beta-ch1oro-3 w -methoxycydohexyl)-1 '-methylvinyl]-23,25-dirnethoxy- 
_13,l9 t 21,27^tetramethylr.11,28Kjioxa^4-azatricyclo^22 .3. LO^gjoctacoS'lS-ene^, 3, -10, 16-tetraone 

Treatment of 17-propyl-1 -hydroxy-1 2-[2X4 w -o-nitrobenzenesulfonyloxy-3"-methoxycyclohexyl)-1 '-methyl- 
vinyl]-23,25-dimethoxy-13,1 9,21 ,27-tetramethyl-1 1 ,28-dioxa-4- azatricydo[22.3.1 .04. fi ]octacos-18-ene-2,3,1 0 f 

16- tetraone with lithium chloride as in Example 36 yields 1 7- propyl- 1 -hydroxy- 1 2-I2'-(4"-beta-chloro-3"- 
methoxycyclohexylJ-V-methylvinyll^S^S-dimethoxy-IS.ig^l^-tetramethyl-II^S^toxa-^ azatricydo[22.3. 
1 .O^loctacos-1 8-ene-2,3, 10,1 6-tetraone. 

Example 43 

17- Ethyl-1-hydroxy-14-triisopropy1silylo^ 

23,25-dimethoxy-1 3, 1 9-21 ,27-tetramethyl-1 1 ,28-dioxa-4-azatricyclo[22.3.1 .0 4 - 9 ]octacos-1 8-ene-2,3, 10.16- 
tetraone 

A solution of 17-ethyl-1-hydroxy-14-triisopropylsi!yloxy-12-[2X4 H ^nitrobenzenesulfonyl-oxy-3 f, -metho- 
xycyclohexyl)-1'-methylvinyl]-23,25-dimethoxy-13,19 i 21,27- tetramethyl-11,28-dioxa^-azatricycIoI22.3.1.0A»l 
octacos-18-ene-2,3,1 0,16-tetraone (250 mg, 0.22 mmol) in dimethyiformamide (5ml) under N 2 atmosphere was 
treated with lithium bromide (97 mg, 1.12 mmol) and heated at 70°. After 5 hr, the reaction mixture was cooled, 
_diluted with water (60 ml) and extracted with diethyl ether (3.X 75 ml portions). The combined ether extracts 
were washed 5 times with water, dried over magnesium sulfate and evaporated in vacuo. The residue was pas- 
sed over Si0 2 (15 g) and eluted with n-hexane-ethyl acetate (1:1) to yield 1 7-ethyl-1 -hydroxy- 14-triisopropy I- 
silyloxy-1 2-{2'-(4"-beta-bromo-3' , -*nethoxycy clohexyl}- 1 '-methylvinyl]-23,25-dimethoxy-1 3,1 9,21 ,27-tetramethy»- 
11,28- dioxa^-azatricyclo[22.3.1.0 4 -»]octacos-18-ene-2,3,10,16-tetraone (192 mg, 83 %). 
Mass Spec: CsaHeeBrNO^SK 101 1.28) FAB:101 1(M+1), 694,676, 553. 

Example 44 

17-AllyM -hydroxy-1 4-triisopropy1silyloxy-12^'-(4 w -beta^ 
dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4-azatt 

Treatment of 17-allyl-1 -hydroxy-1 4-triisopropy1si)ylloxy-12-[2'-(4 w -o-nitrobenzenesulfonytoxy-3' r -methoxy- 
cydohexyl)-1 , -methylvinyl]-23 t 25-dimethoxy-13,19,21,27- tetramemyl-II^S-dioxa^-azatricydo-^.S.I.O 4 .^ 
octacos-18-ene-2,3,10,16-tetraone with lithium bromide as in Example 43 yields 17-allyl-1-nydr xy-1 4-triisop- 
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-ropylsilyloxy0242^(4?-beta-bromo-3^ 
tetramethyl-1 1 ,28-dioxa-4-azatricyclo[22.3.1 .0A 9 ]octacos-1 8- ne-2,3 f 10,1 6-tetraon . 

• i .«'■■■. 

Example 45 

1 7-Propy1-1 -hydroxy-1 4-triisopropylsilyloxy-1 2-[2'-(4"-beta-bromo-3 w -memoxycyclohexyl)-1 '-methyl vinyl]- 

23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4^^ 

tetraone . 

Treatment of 17-propyl-1 -hydroxy-1 4- triiso propyl silyloxy-12-[2'-(4"-o-nitrobenzenesulfonyloxy-3 w -metho- 
xycyclohexylJ-l'-methylvinyl^S^S-dimethoxy-IS.ig^l^?- tetramethyl-1 1,28-dioxa-4-azatricyclo[22.3.1.0 4 .»J 
octacos-18-ene-2, 3, 10, 16-tetraone with lithium bromide as in Example 43 yields 1 7-propyM -hydroxy ,1 4- 
triisopropylsilyloxy-12-[244MDete-brorT^ 

tetramethyl-1 1 ,28-dioxa-4- azatricyclo[22.3.1 .O^loctacos-ie-ene^.l 0,1 6-tetraone. 
Example 46 

17-Ethyl-1-hydroxy-12-[2'-(4M)eta-bromo-3"-mem^^ 
.A3,.19.21,27rtetramethyl-11,28rdioxa-4Tazatri^ 



Treatment of 17-ethyi-1-hydroxy-12-[2'-(4 ft -o-nitrobenzenesulfonyloxy-3''-methoxycyclohexyl)-1'-methyl- 
vinylJ^S^S^imethoxy-IS.ig^l^-tetramethyl-II^S-dioxa^- azatricyclopZ3.1.04,9]octacos-18-ene-2 ( 3 ( 10 ( 
16-tetraone with lithium bromide as in Example 43 yields 17-ethyl-1 -hydroxy-1 2-[2'-(4''-beta-bromo-3''- 
methoxycyclohexyl)-1 '-methylvinyl]-23,25-dimethoxy-1 3, 1 9,21 ,27-tetramethyM 1,28-dioxa-4-azatricycJo[22.3. 
1.0 4 ' 9 ]octacos-18-ene-2,3,1 0,1 6-tetraone. 



Example 47 

- 17-Anyl-1rhydroxyr12-[2'-(4"-beta-bromo-3%^ 
-13,19,21, 27-tetramethyl-11.28^ioxa-4-azatricyclo[22.3.^ 

Treatment of 17-allyl-1 -hydroxy- 12-[2'-(4"-o-n itrobenzenesulf o nyloxy-S^-methoxycycIo hexyl)-1 '-methyl- 
vinyl]-23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4- azatricyclo[22.3.1.04,9]octacos-18-ene-2,3 t 10, 

16- tetraone with lithium bromide as in Example 43 yields 17-allyi-1 -hydroxy- 12-[2'-(4"- beta-bromo-3"- 
methoxycyclohexyl)-1 '-methylvinyl]-23,25-dimethoxy-1 3,1 9,21 ,27-tetramethyM 1 ,28-dioxa-4-azatricydo[22.3. 
1 .0 4 .®]octacos-1 8-ene-2,3,1 0, 1 6-tetraone. 

Example 48 

17- Propyl-1 -hydroxy-1 2-[2 , -(4"-beta-bromo-3 w -methoxycyclohexyl)-r-methylvinyll-23,25-dimethoxy- 
13,19,21 ,27-tetramethyl-11,28^ioxa-4-azatricyclo-[22.3.1.0 4 ' a loctacos-18-ene-2 t 3,10 ( 16-tetraone 

^=Treatment of-1 7-propyl-T-hydroXy-^ 

vinyl]-23,25-dimethoxy-13,19,21,27-tetramethy1-11 t 28-dioxa-4- azatricyclo[22.3.1.04,9]octacos-18-ene-2.3,10 l 

16- tetraone with lithium bromide as in Example 42 yields 1 7-propyl-1- hydroxy- 12-[2'-(4"- beta-bromo-3"- 
methoxycyclohexyl)-1 '-methyl vinyl]-23,25-dimethoxy-1 3, 1 9,21 ,27-tetramethyM 1.28-dioxa-4-azatricyclo[22.3. 
1.0 49 ]octacos-1 8-ene-2,3,1 0,1 6-tetraone. 

Example 49 

17- Ethyl-1-hydroxy-14-triisopropylsflyloxy-1^ 

dimethox-1 3, 1 9,21 ,27-tetramethyl-1 1 ,28-d toxa-4-azatricyclo[22.3. 1 .O^joctacos-I 8-ene-2,3, 10,1 6-tetraone 

A solution of 17-ethyl-1 -hydroxy- 14-triisopropyIsi!yloxy-12-[2'-(4"-hydroxy-3"-methoxycyclohexyl)-1'- 
methylvinyl}-23,25-dimethoxy-13,19, 21,27-tetramethyi-1 1,28-dioxa-4-azatricyclo[22.3. LO^octacos-IS-ene- 
2,3, 10, 16-tetraone (4.0g, 4.2 mmol) in dimethylformamide (30 ml) under an N 2 atmosphere, was treated with 
methyltriphenoxyphosphonium iodide (3.81 g, 8.43 mmol) and stirred at RT for 5 hr. The reacti n mixture was 
diluted with H 2 0 (250 ml) and extracted with diethyl ether (1 X 200 ml, 3 X 100 ml). The combined extracts 
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-were washed with H 2 0 (5 X 100 ml). The organic extracts were dried over MgS0 4 and evaporat d in vacuo at 
RT. The residu was passed over Si0 2 (600g) [n-hexane/ethyl acetat (3:1)] to yield 17-ethyl-1-hydroxy-14- 
triisopropylsilyloxy-12-[2'-(4"-bet-a icdo^ w -methoxycyclohexyt)-1'-rnethylvinyl]-23.25-<Jimeth xy-13.19,21 ,27- 
tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.^ (3.30g, 74%). 

Mass Spec: CsaHaslNOnSi (1058.27) FAB:1080(M+Na), 720, 676, 266. 

Example 50 

17-Allyl-1-hydroxy-14-triisopropylsilyto 
dimethoxy-13,19,21 t 27-tetramethyM1^ 

Treatment of 17-allyl-1-hydroxy-14-triisopropylsilylo^ 
thylvinyl]-23,25-dimethoxy-1 3,1 9,21 ,27-tetramethyl-11,28-dioxa-4- azatricydo^.S.I.O^aj-octacos-ie-ene^, 
3,10,16-tetraone with methyitriphenoxyphosphonium iodide as in Example 49 yields 17-allyl-1-hydroxy-14- 
friisopropy1silyloxy-12-[2 f -(4 tt -te 

tetramethyl-1 1 ,28-d ioxa-4-azatricyclo[22.3. 1 .0 ^octacos-l 8-ene-2,3, 1 0, 1 6-tetraone. 
Example 51 

~ ~1 7-Propyl-1 -rTydrox^1"4-triisoprdpylsilyl^ '-methylvinyll-23,25- 
dimethoxy-13,19,21,27-tetramethyi-11,28-dibxa-4-azatri 

Treatment of 17-propyl-1-hydroxy-14-triisopropylsi^ 
methy1vinyl}-23,25-dimethoxy-1 3,1 9,21 ,27-tetramethyM 1 ,28-diox*4- azatricyclo[22.3.1 .0^]-octacos-1 8-ene- 
2,3,10,1 6-tetraone with methyitriphenoxyphosphonium iodide as in Example 49 yields 1 7-propyl-1 -hydroxy- 14- 
-triisopropylsilyloxy-1 2-[2*-(4 M -beta-iodo-3 w Hnethoxycyclohexyl)=1 '=methyrvinyi}-23;25^dimethoxy-1 3, 1 9,21 ,27- 
tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.0^ fl ]octacos-18^ne-2,3 I 10 ( 164etraone. 

- Example 52 - — - - - 

17-Methyl-1-hydroxy-12-gM4 w -beta-iodo^^ 

1 3, 1 9,21 ,27-tetramethyl-1 1 ,28-d ioxa-4-azatricyclo[22.3. 1 .O^.qoctacos-1 8-ene-2.3, 10,1 6-tetraone 

The reaction of 17 methyl-1-hydroxy-1242M4 w -hydroxy-3 w -methoxycydohexyl)-r-methylvinyl]-23,25-di- 
methoxy-13,19,21 t 27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.0 *- 9 ]octacos-18-ene-2,3, 10,1 6-tetraone 
(500 mg, 0.64 mmol) with methyitriphenoxyphosphonium iodide (0.582 mg, 1.28 mmol) in dimethyl formamide 
(2.0 ml) as in Example 49 yielded 17-methyl-1 -hydroxy- 12-[2'-(4"- beta -iodo-3"-methoxycyclohexyl)-1 '-methyl- 
vinyl]-23.25-dimethoxy-1 3,19,21 ,27-tetramethyl,1 1 ,28-dioxa-4-azatricyclo-[22.3.1 .04,9] octacos-18-ene-2,3,1 0, 

16- tetraone. Mass Spec: C^HmJNOk, (885.93) FAB:908 (M+Na), 868,701. 

Example 53 

17- EthyM7l4^ihydn^y~-12^^ 

13,19,21, 27-tetramethyl-11,28^ioxa-4-azatri^ 

A-solution~of -17-ethy|^hyd 

methylvinyl]-23,25-dimethoxy-1 3, 1 9,21 ,27-tetramethy 1-1 1 ,28-dioxa-4- azatricydo[22.3.1 .O*. 9 ] octacos-1 8-ene- 
2,3, 10, 16-tetraone (100mg, 0.103 mmol) in acetonitrile (14.4 ml) was treated with 48% aqueous hydrofluoric 
acid (41 ml). The reaction mixture was stirred for 2 hr at RT, poured onto aqueous sodium bicarbonate and 
extracted with ethyl acetate. The combined organic extracts were washed with water, dried over magnesium 
sulfate and evaporated in vacuo. Preparative thin layer chromatography of the residue on Si0 2 and elution with 
n-hexane/ethyl acetate (1:1) yielded 17-ethyl-1 f 14^ihydroxy-12-[2'-(4^ 

methylvinylh23,25-dimethoxy-13^ octacos-18- 
ene-2,3,1 0,1 6-tetraone (31 mg, 37%) as well as starting material (26 mg, 26%). 
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_ Example_54_ 

. 17-/Ulyl-1,14rdihydroxy-12-[2:-(4^eta^ 
13,19.21, 27-tetramethyl-11,28-diQxa-4-azatricyclo-{22.3.1.0 4 ' 8 loctacos>18-en -2,3,1 0,1 6-tetraon 

Treatment of 1 7-allyl-1-hydroxy-14-friisopropylsiW^ 
methylvinyl>23,25-dimethoxy-13,19,21,27-teto octacos-18-ene- 
2,3, 10,1 6-tetraone with aqueous 48% hydrofluoric acid in acetonitrile as in Example 53 yields 
17-allyl-1,14-dihydroxy-12-[2'^4"^ 

21,27-tetramethyl-11 f 28-dioxa-4-azatricyclo[22.3.1.0 4 ' 8 ] octacos-18-ene-2,3,1 0,1 6-tetraone. 
Example 55 

17-Propy1-1,14-dihydroxy-12-[2X4»-be^ 
13,19,21,27-tetramethyl-11,28-dioxa-4-azatricyclo-^ 

Treatment of 17-propyl-1-hydroxy-14-friisopropy1silyloxy-12^ 
methylvinyl}-23,25-dimethoxy-13, 19,21 ( 27-tetramethyl-1 1,28-dioxa^-azatricydo[22.3.1. CH'SJoctacos-IS-ene- 
^.^AQ'Jl^detjrapj^ _with aq ueous 4 8% hydrofluoric acid in acetonitrile as in_ Example 53 yields 
17-propyl-1,14-dihydrc*y-12-[2X4 w -beta-^ 

21 ,27-tetramethyM 1 .28-dioxa^^z3tncydo[22.3.1.0 ^octacos-IS-ene^.S.iO.ie-tetraone. 
Example 56 

17-Ethyl-1,14-dihydroxy-12-[244"-beta-bromo-3"-met^^ 

1 3, 1 9,21 ,27-tetramethyl-1 1 ,28-d ioxa-4-azatricyclo[22.3. 1 .O^loctacos-I 8-ene-2,3, 1 0,1 6-tetraone 

The reaction of 17-ethyl-1-hydroxy-14-triisopropylsilyloxy-1^^ 
1 'H7iethylvinyl]-23,25-dimethpxy.1 3,1 9,21 ,27-ietramethyli1 ,28-d ioxar4-_azatricyclo[22.3. 1 .0*.»1 octacos-1 8- 
ene-2,3,1 0,1 6-tetraone (71 mg, 0.07 mmol) in acetonitrile (7.5 ml) and aqueous 48% hydrofluoric acid (2.2 ml) 
as in Example 53 yielded 17-ethyl-1,14-dihydroxy-12-[2'-(4"-beta-bromo-3 w -methoxycyclohexyl)-1 '-methyl- 
vinyl]-23,25-dimethoxy-13,19,21 ,27-tetramethyl-1 1 ,28-d ioxa-4- azatricyclo [22.3. 1.0A 9 ^octacos-18-ene-2 f 3,10, 

1 6- tetraone (28 mg, 46%). 

Mass Spec: C 43 H« e BrN0 11 (854.93) El:855, 837, 835, 819, 817, 564, 493. 
Example 57 

17- Allyl-1,14-dihydroxy-1 2-[2X4 w -beta-bro 

1 3, 1 9,21 ,27-tetramethyl-1 1 ,28-d ioxa-4-azatricyclo[22.3. 1 .O^loctacos-I 8-ene-2,3, 10,1 6-tetraone 

The reaction of 1 7-allyM -hydroxy- 1 4-triiso propyl silyloxy-1 2-[2'-(4"-beta-bromo-3"-methoxycyclohexyl)- 1 '- 
methylvinyl]-23.25-dimethoxy-13,19,21 l 27-tetramethyl-1 1 ,28-dioxa-4- azatricyclo[22.3.1 .04.»]octacos-18-ene- 
2,3,10,-16^tetraone-in-acetonitrile-and-aqueous-48%~hydrofluoric-acid~as-in Example 53 yields 17- 
allyl-1,14-dihydroxy-12-[2^4"-beta-bromo-3 w ^^ 
. 27-tetramethyl-1 1 ^Srdioxa^-azatricyclo [22.3.1 .O^octacos-1 8-ene-2, 3,1 0,1 6-tetraone.- 

Example 58 

17-Propyl-1,14-dihydaoxy-12-[2X4"-beta-bro^ 

13,1 9,21 ,27-tetramethyl-1 1 ,28-d ioxa-4-azatricyclo[22. 3.4.1 .0**]octzcos-1 8-ene-2,3,10,1 6-tetraone 

The reaction of 17-propyM-hydroxy-14-triisopropylsilyloxy-1^ 
1'-methylvinyl]-23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4- azatricydo[22.3.1.0**] octacos-18- 
ene-2,3,10,16-tetraone in acetonitrile and aqueous 48% hydrofluoric acid as in Example 53 yields 
1 7-propyl-1 ,1 4-dihydroxy-1 2-[2'-(4 w -beta-bromo-3 w -methoxycydohexyl)-1 '-methy1vinyl}-23,25-dimethoxy-13,19, 
21,27-tetramethyM1,28-dioxa-4-azatricydo [22.3. LO^^octacos-IS-ene^^, 10,1 6-tetraone. 
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Example 59 



1 7-EthyM ,1 4~dihydroxy-1 2-r2^4»-beta-iodo-3»-memoxycydohexyl)-1 '-methyivinyn-23,25-dimethoxy- . 
13,19,21 ,27-tetramethyl-11,28-dioxa-4-azatr^ 

Method A: A solution of 17-ethyM ,1 4-d ihydroxy-12-[2 , -(4"-hydroxy-3"-methoxycyclohexyI)-1 '-methyl- 
vinyl^S^S-dimethoxy-IS.ig^l^T-tetramethyl-II^S-dioxa^- azatricyclo^.S.l.^octacos-ie-ene^.S.IO, 

16- tetraone (1 .5 g, 1.9 mmol) in dry dimethyiformamide was treated with methyltriphenoxyphosphonium iodide 
(1 .7 g, 3.8 mmol) at P.T under an N 2 atmosphere and stirred for 4 hr. The reaction mixture was poured into 60 
ml of water and extracted with diethyl ether (3 X 60 ml). The combined extracts were washed 5 times with water, 
dried over magnesium sulfate and evaporated in vacuo at RT. The residue was chromatographed over Si0 2 
and eluted with methylene chloride/diethyl ether (9:1) to yield 17-ethyl-1,14-dihydroxy-12-[2'-(4"-^ 
methoxycyclohexyt)-1 '-methyl viny 

1.0 4 ' 9 ] octacos-18-ene-2,3,10,16-tetraone (883 mg, 52%). 

Mass Spec: C^HeeliNO^ (901.93) FAB+Li: 908 (M+U) 883. 865, 564. 

Method B : The reaction of 17-ethyl-1-hydroxy-14-triisopropylsilyloxy-12-[2'-(4''-beta-iodo-3''-methoxycyc- 
lohexyl)-1'-methylvinyll-23,25-dimethoxy-13 l 19,21,27- tetramethyl-11,28-dioxa-4-azatricydo[22.3 .1.0*.»]oc- 
tacos-18-ene-2,3,10,16-tetraone (100 mg, 0.126 mmol) and aqueous 48% hydrofluoric acid (2.2 ml) in 
acetonitrile (5 ml) as in Example 20 yielded 3"-methoxycydohexyl)-1'-methytvinyl]-23 f 25-dimethoxy- 
13.19,21 ,27-tetramethy1-11,28-dioxa^ ( 7 . 2 m g f 6.3%). 

Example 60 

17- A)ly1-1,14-dihydroxy-12-[2X4"-be^ 

1 3, 1 9,21 ,27-tetramethyM 1 ,28-dioxa-4-azatricyclo[22.3.1 .0*- s ]octacos-1 8-ene-2,3, 1 0,1 6-tetraone 



Treatment of 17-allyt-1 -hydroxy- 14-triisopropyl-silylox^ 
methylvinyl]-23,25-dimethoxy-13 f 19 t 21,27-tetramethyl-11,28-dioxa-4- azatrlcydo[22.3.1.0 4 ' 9 ]octaco6-18-ene- 
J2.3.1 0,1 6-tetraone with aqueous 48% hydrofluoric acid in acetonitrile as in Example 59B yields 
17-allyi-1 t 14-dihydroxy-12-[2'-(4^^ 
27- tetramethyl-11 t 28-dioxa-4-azatricyclo[2Z 

Example 61 

17-Propyl-1,14-dihydroxy-12-[2X4"-beta-iodo-3"-m^ 

13,1 9,2 1 ,27-tetramethyl-1 1 ,28-<iioxa-4-azatricyclo-[22 .3.1 .O^loctacos-I 8-ene-2 t 3, 1 0, 1 6-tetraone 

Treatment of 17-propyM-hydroxy-14-triisopropy1si^ 
methylvinyl^23,25KlirneJhoxy-13,19,21,27-tetram dioxa-4-azatricyclo[22.3.1.0^»J-octacos-18-ene- 
"2,3,10,16-tetraone with aqueous 48% hydrofluoric acid in acetonitrile as in Example 59B yields 17-propyt-1 ,14- 
dihydroxy-12-[2X4"-beta-iodo-3"-methoxycydoh 21 ,27-tetrame- 

thyl-1 1,28-dioxa-4-azatricydo[22.3.1.0 4 ^octacos-18-ene-2,3,1 0,1 6-tetraone. 



Example 62 



1 7-Ethyl-1 ,1 4-<lihydroxy-1 2-[2 r -(4 w -fluorp-3 w -methoxycydohexyl)-,1 '.-m ethyl vinyl]r23,25-d im e- 
thoxyl 3,1 9,21, 27-tetramethyM1,28-dioxa-4-azat^ 

Treatment of 17-ethyM-hydroxy-14-trHsopropy1sHyloxy-^ 
methyrvinyiJ-23,25-dimethoxy-13,19,21,27-tetamethyl-11,28-diox&4- azatricydo[22.3.1.0 4 » fl ]octacos-18-ene-2 f 
3. 10, 16-tetraone with diethylaminosurfur trifluoride (DAST) in THF followed by 48% aqueous HF/acetonitrile 
deblocking as in Example 64, yielded 1 7-ethyl-1 ,14-di hydroxy- 1 2-[2'-(4"-fluoro-3"-methoxycyclohexyl)-1'- 
methylvinyt}-23.25-dimethoxy-1 3,1 9,21, 27-tetramethyl-1 1,28-droxa-4- azatricyclo [22.3.1.0^9]-octacos-18-ene- 
2,3, 10, 16-tetraone. 

Mass Spec: C 43 He8FNO 11 (794.02) FAB+Li:954 (M+Li+matrix). 800(M+Li), 564, 266. 
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Example 63 

. . 17-EthyM-hydro^ r 12r(2'-(^ t _ 
ramethyl-1 1 ,28-dioxa-4-azatricydo(22.3.1 .O^loctacos-IS-en -2,3,1 0, 16-tetraone 

5 

Treatment of 17-ethyl-1 -hydroxy-1 2-[2'-(4"-hydroxy-3 w -m^ 
thoxy-1 3,1 9,21, 27-tetramethyM1,28-dioxa-4- azatricyclo[22.3.1.0 4 . 9 ]octacos-18-ene-2,3,10,16-tetr3one with 
diethylaminosulfur trrfluoride (DAST) in THF followed by 48% aqueous HF/acetonrtrile as in Example 64 yields 
17-ethyM-hydroxy-12-[2X4Mluoro-3 w -m^ 
10 ramethyl-11 ,28-dioxa-4-az3tricydo-[22.3.1.0*.°] octacos-18-«ne-2 t 3,1 0,1 6-tetraone. 

Example 64 

17-Ally1-1,14-dihydroxy-12-[2X4 w -beto^^ 
15 13,19,21 ,27-tetramethyl-11,28-dioxa-4-azatricydo[22.3.1.^ 

A solution of 17-allyl-1-hydroxy-14-frirsopropylsiIyloxy-^ 
methylvinylj^ dioxa^-azatricyclo^.S.I.O^^octacos-IB-ene- 
2,3,1 0,1 6-tetraone (1.68 g/1.75 mmol) in MeCI 2 (20 ml) at RT was treated with diethylaminosulfur trifluroide 

20 — (0.976-mg r 6.06-mmol).-After-15 min at 0 o e.rthe reaction mixture- was poured into saturated NaHC0 3 . The 
organic layer was separated and the aqueous layer was reextracted with MeCi 2 . The combined organic extracts 
were washed with brine, dried over magnesium sulfate and evaporated in vacuo to yield crude difluorinated 
product The residue was partially purified by passing over Si0 2 (140 gm) and eluted with a mixture of methlene 
chloridemethanol (100:1) to yield 755 mg of product The material was dissolved in acetonitrile (75 ml) and 

25 treated with 48% aqueous hydrofluoric acid (23.5 ml). After 5 hours at RT, the reaction mixture was poured in 

water_and_splid_NaHCO^^ evaporated 

in vacuo to yield crude fluorinated product. The product was purified by preparative high pressure liquid 
chromatography on a partisil ODS-3 column at 60°C. Elution with acetonitrile-0.1% phosphoric acid mixtures 
(65-85% gradient) yielded n-allyl-I.U-dihydroxy-^-P'^-beta-fluoro-S'-methoxycydc^hexyl^l'-methyl- 

30 vinyl]-23,25-_dimethoxy-13 i 19,2^ 

16- tetraone. 

Mass Spec: C^HeaFNOn (806.03) FAB+Li:966 (M+Li+matrix), 812 (M+Li), 600, 601,576, 547. 
Example 65 

35 

1 7- Ally1-1 -hydroxy-1 2-[2'-(4"-f)uoro-3"-methoxycyclohexyl)-1 '-methylvinyl]-23,25-dimethoxy-1 3, 1 9,2 1 ,27-tet- 
ramethyl-11, 2 8-dioxa-4-azatricydo[22. 3. 1.0 4 > a ]octacos-18-ene-2,3, 10, 16-tetraone 

Treatment of 17-_allyl-1 -hydroxy-1 2-[2'-(4 w -hydroxy-3"-methoxycyclohexyl)-1 '-methylvinyl]-23,25-dime- 
40 thoxy-1 3,1 9,21, 27-tetramethyl-1 1,28.dioxa-4-azatricydo[22.3.1. 0*9] octacos-18-ene-2,3, 10, 16-tetraone with 
diethylaminosulfur trifluoride (DAST) in THF followed by 48% aqueous HF/acetonrtrile as in Example 62 yields 
1 7-Allyl-1-hydroxy-1 2-[2'-(4"-fluoro-3 w -methoxycydohexyl)-r-methylvinyl]-23,25-dimethoxy-1 3, 1 9,21 ,27-tetra- 
methyM 1 ,28rdioxa-4-azatricy do[22.3. 1 octacos-1 8-ene-2,3, 1 0,1 6-tetraone. 

45 Example 66 

17-Ethyl-1-hydroxy-14-triisopropylsM^ 

23,25-dimethox-1 3-1 9.2 1 ,27-tetrame thyM 1 ,28-dioxa-4-azatricydo[22.3. 1 .fr^octacos- 1 8-ene-2,3, 1 0, 1 6- 
tetraone 

50 

A solution of 17-ethyl-1,14-dihydroxy-12-{2M3\4"-dihydro^ 
xy-13.19,21,27-tetramethyl-11, 28-d ioxa-4-azatricy do [22.3. 1.0A 9 ]octacos-18-ene-2, 3, 10, 16-tetraone (93.5g, 
4.49 mmol) and 2,6-lutidine (2.39g, 22.3 mmol) in MeCI 2 (60 ml), at 0°C, was treated with triisopropylsilyl triflate 
(7.1 8g, 23.4 mmol). After stirring at RT for 16 hr, the reaction mixture was diluted to 250 ml with n-hexane and 
55 passed over Si0 2 (360 g). Elution with n-hexane/ ethyl acetate (3:1) yielded 1 7-ethyl-1 -hydroxy-1 4-triisopropyl- 
silyloxy-12-{2M3\4"-di-triisopropyl^ tetrame- 
thyl-1 1,28-dioxa-4-azatricydo[22.3.1 .0*^]octacos-18-ene-2,3,1 0,1 6-tetraone (5.45g, 97%). 
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Example 67 

17-EthyM-hydroxy-14-triisopropylsfl^ 
thoxy-13-19 t 21,27-tetramethyl-11 ( 2^ 

17-ethy1-1-hydroxy-14-triisopropy1sW 
hoxy-13,19.21.27-tetramethyM 1,28^ioxa-4-azatricyclo[22.3.1.0 ]octacos-18-ene-2,3,10,16-tetraone (5.2g, 
4.17 mmol) was added to a solution of p-toluenesulfonic acid monohydrate (0.263g) in MeOH (63 ml). After 
stirring at RT for 18 hr, the reaction mixture was poured into saturated aqueous sodium bicarbonate and ext- 
racted with three portions of ethyl acetate. The combined extracts were washed with brine and dried over mag- 
nesium sulfate. The solvent was removed in vacuo and the residue was chromatographed over Si0 2 (180g). 
Elution with n-hexane/ethyl acetate (1:3) yielded 1 7-ethy1-1 -hydroxy- 14-tri isopropylsil yioxy-1 2-[2'-(3",4"- 
dihydroxycyclohexyl)-1 '-methylviny1]-23,25-dimethoxy-1 3, 1 9,21 ,27-tetramethyM 1 ,28-dioxa-4-azatricydo[22. 
3.1.0 4 - 9 ]octacos-18-ene-2,3,10,16-tetraone (2.63g, 68%). 

Example 68 

~17-EmyM-hydroxy-1'4^ 

vinyl]-23,25-dimemoxy-1 3,1 9,21 ,27-tetramefoyM1^^ 

2,3,10,16-tetraone AND — — 

17-Ethyl-1-h~ycir^y-14-triisopropylsily1oxy-12-^ 

viny1]-23,25-dimemoxy-13,19-21,27-tetramethyM1,^^ 

2,3,10,16-tetraone . 

A solution of 17-ethyM-hydroxy-14-triiso 
vinyl]-23,25-dimethoxy-1 3,1 9.21, 27-tetramethyl-1 1 ,28-dioxa-4- azatricydo[22.3.1.0Afl]octacos-18-ene-2,3,10, 

16- tetraone (80.9 gm, 8.65 mmol) in mixture of dimethylformamide (60 ml) and methylene chloride (30 ml) and 
imidazole (1.77 g) under N 2 atmosphere was treated with t-butyldimethylsilyl chloride 1.74 g 11.55 mol). After 
stirring at RT for 16 hrs, the reaction mixture was poured into water (600 ml) and resultant suspension was 
extracted with ether. The combined extracts were washed with water (5 times), dried over magnesium sulfate 
and evaporated in vacuo . The residue was chromatographed over SiO a . Elution with methylene chloride-ethyl 
ether ( 1 00: 1 0) yielded 1 7-Ethyi-1 -hydroxy-1 4-triisopropy1silyl-oxy-1 2-[2 / -(3 w -t-butyidimethylsilyloxy-4"-hyd- 
roxycyclohexyl)-1 '-*nemy1viny1}-23,25-dimethoxy-1 3, 1 9,21 ,27-tetramethyM 1 ,28- dioxa-4-azatricydol22.3. 1 .0**} 
octacos-18-ene-2,3,10,16-tetraone (1.71 g, 17%, rf = 0.66), 17-ethyl-1-hydroxy-14-triisopropylsflyoxy-12-[2'- 
(3M-butyldimethylsilyl-4"-hydroxycyclohecyl)-1 '-methylvinyl]-23,25«Jimethoxy-1 3,1 9,21 ,27-tetramethyH 1 ,28- 
dioxa-4- azatricydo^.S.I.O^-oioctacos-IS-ene^^.lO.ie-tetraone (1.82 gm, rf = 0.41) and 17-ethyM -hydroxy- 
14-OTisopropylsilytoxy-12-{2'-(3 N -hydroxy-4M-bu^ 

13,19,21 ,27-tetramethyM 1,28-dioxa-4- azatricyclo^.S.I.O^.ojoctacos-ie-ene^.S.IO.ie-tetraone (1.67 gm, rf 
= 0.31). 

Example 69 

17- Ethyl-1-hydroxy-14-triisopropylsflyloxy 
vinyl]-23,25-dimethoxy-1 3,1 9,21, 27-tetramefryM^^ 
2,3,10,16-tetraone 



A solution of 1 7-ethyi-1 -hydroxy-1 4-triis6propylsilyoxy-12-[2'-(3 w -t-butyldimethylsilyl-4''-hydroxycycloh- 
exyi)-1 'methylvinyl}-23,25-dimethoxy-1 3, 1 9,21 ,27-tetramethyM 1 ,28-dioxa-4- azatricyclo[22.3.1 .CH-»]octacos- 
18-ene-2,3,10,16-tetraone (283 mg, 0.269 mmol) in ethyl ether (10 ml) and boron trifluoride etherate (0.04 ml) 
is treated with an excess of freshly prepared ethereal solution of diazomethane. After 30 min at RT, the reaction 
mixture is washed with saf d. NaHC0 3 and brine. After drying over magnesium sulfate, the solvent is removed 
in vacuo . The residue is chromatographed over Si0 2 and eluted with n-hexane-ethyl acetate (3:1) to yield 17- 
ethyM-hydroxy-14-Wisopropylsilyl^ 

23,25-dimethoxy-1 3, 1 9,21 ,-27-tetramethyM 1 ,28-dioxa-4- azatricydo[22.3.1 .O^octacosM 8-ene-2,3,1 0,1 6-tetra- 
one. 
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Example 70 

• 17-Ethyl-1-hydro)Qf-144riisopropylsD 
dimethoxy-1 3,1 9,2 1 ,27-tetramethyM 1 ,28-dioxa-4-azatricydo[22.3. 1 .O^octacos-I 8-ene-2,3.1 0,1 6-tetraone 

A solution of 17-ethyl-1-hydroxy-14-triisopropylsilyloxy-12-[2 -(3 w -t-butyldimethylsilyloxy-4''-methoxycyc- 
lohexylJ-l'-methylvinyl^S^S-dimethoxy-IS. 19,21,27-tetramethyl-11,28-dioxa-4-azalricyclot22.3.1. O^octa- 
cos-18-ene-2,3,10,16-tetraone is treated with p-toluenesulfonic in methanol as in Example 67 to yield 
17-ethyl-T-hydroxy-14-triisopropylsW^ 

methoxy-1 3, 1 9,2 1 f 27-tetramethyl-1 1 ,28-dioxa-4- azatricyclo[22.3. 1 .O^Joctacos-l 8-ene-2,3,1 0,1 6-tetraone. 
Examplo 71 

17-Ethyl-1-hydroxy-14-triisopropylsi]yloxy 

methylvinyl]-23 t 25-dimethoxy-13,19i21,27-tetramethyl-11,28-dioxa-4-azatricydo[22.3 
2,3, 10,1 6-tetraone 

The reaction of 17-ethyl-1-hydroxy-14-triisopropylsilyloxy-12-[2'-(3"-hydroxy-4 M -rnetho 
methytvinyl>23,25-dimethoxy-1 3,1 9,21, 27-teta^ 
~2;3;10,i6-tetraonewitho=nitro-benzenesurfonylchlorideasinExamp^ 17-ethyl-1-hydroxy-14-triisop- 
ropylsilyloxy-12^2 f -(3"^nitroberKenesuifo^ 

19,21 ,27-tetramethyM 1 ,28-dioxa-4- azatricydo[22.3. 1 .O^octacos-1 8-ene-2,3, 1 0, 1 6-tetraone 

Example 72 

_17-EthyM=hydroxy-:l4*triisopropy1 
23 ( 25-dimethoxy-1 3,19,21 ,27-tetramethyl-1 1,28-dioxa^4-azatricyclo[22.3.1 .O^^octacos-IS-ene^.S.IO^e- 
tetraone 

A solution of 1 7-ethyl-1 - hydroxy- 14-triisopropylsilyloxy-^ 
cyclohexyi)-1 '-methylvinyl}-23,25-di-methoxy-1 3, 1 9,21 ,27- tetramethyl-1 1 ,28-d ioxa-4-aza tricy d o[22 . 3. 1 .O*.°]octa- 
cos-18-ene-2,3, 10,1 6-tetraone is treated with lithium chloride as in Example 36 to yield 17-ethyl-1-hydroxy-14- 
friisopropylsilyloxy-12-[2S3 w -alpha-cN 

27-tetramethyl-1 1 ,28-dioxa-4- azatricyclo[22.3.1 .O^Joctacos-l 8-ene-2,3, 10,1 6-tetraone. 
Example 73 

17-Ethyl-1-hydroxy-14-triisopropylsily!oxy-12^ 

23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4^ 

tetraone 

A solution of 17-ethyl-1-hydroxy-14-triisopropylsilyloxy-1^ 
-cydohexyl)=1'^ethylvinylJ-23f25^Kmethoxy-13,19,21,27-tetramethyl-1-1 t 28-dioxa^^ 
octacos-18-ene-2,3,1 0,1 6-tetraone is treated with lithium bromide as in Example 42 to yield 17-ethyl-1-hydroxy- 
14-triisopropylsilyloxy-12l2X3"-alpha-brom 

21,27-tetramethyl-11.28-dioxa-4- azatricydo[22.3.1.r^.e]octacos-18-ene-2,3,1 0,1 6-tetraone. 
Example 74 

17-Ethyl-1-hydroxy-14-triisopropylsflyloxy-12-[2M3"-alph 
dimethox-13,19,21,27-tetramethyl-11,28-dtoxa-4-azatrfc^^ 

The reaction of 17-ethyl-1-hydroxy-14-triisopropylsilyloxy-12-[2X3"-hydroxy-4 w HTiethoxycyclohexyl)-1^ 
methylvinyl}-23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4- azatricyclo[22.3.1.0 4 * e loctacos-18-ene- 
2,3,10,16-tetraone with methyltriphenoxyphosphonium iodide as in Example 49 yields 17-ethyl-1- 
hydroxy-14-triisopropylsilyloxy-12^2'-(3 w -alpha-iodo-4"-methoxycydohexyl)-V-methyl 
1 3, 1 9.21 ,27-tetramethyl-1 1 , 28-dioxa-4-azatricydo[22 .3. 1 .O^octacos-I 8-ene-2,3. 1 0, 1 6-tetraone. 
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Example 75 

17-EthyM J4^ihydroxy-12-[2 > -(3"-alpha-chloro^ w -methoxcyc»ohexyl)-1 '-m thytvinyl1-23.2S-dime- 
thoxyl 3, 1 9,21 ,27-tetramethyl-1 1 ,28-dioxa^-azatricyclo[22.3.1 .0 4 .g]octacos-1 8-ene-2,3, 1 0,1 6-t traone 

17-Ethy1-1 -hydroxy- 14-triisopropylsilylo^ 
23,25-dimethoxy-13,1 9,21 ,27-tetramethyM 1 ,28-dioxa-4- azatricyclo[22.3. 1 .O^octacos-I 8-ene-2;3,10,16-tetra- 
one is treated with 48% hydrofluoric acid in acetonitrile as in Example 54 to yield 17-Ethyl-1 t 14-dihydroxy-12- 
[2'-(3 w -alpha chlorc^ w -methoxycydohex^)-r-methylvin^23,25-dimethoxy-1 3,1 9,21 ,27-tetramethyM 1 ,28^Jioxa- 
4-a2atricyclo[22.3.1.0 4 - 8 ]octacos-18-ene-2,3 t 10 t 16-tetraone. 

Example 76 

17-Ethyl-1,14^ihydroxy-12-gM3 w -alph 

1 3, 1 9 t 21 ,27-tetramethyM 1 ,28-dioxa-4-azatricyclo[22.3.1 .O^octacos-I 8-ene-2,3, 1 0,1 6-tetraone 

Treatment of 17-ethyl-1-hydroxy-14-tnMsopropylsilyloxy-1^^ 
1'-methylvinyl]-23,25-dimethoxy-13,19, 21 ( 27-tetramethyl-1 1,28-dioxa-4-azatricyclo[22.3. 1.04*]ocftacos-18- 
„ e D e jggJOA^tetraone,w>th 48%„aqueous,, hy.droflupnc„acid_in_acetonitrile™as«in_Example 54 yields 
—1 7-EthyH T 1 4-dihydroxy-12-[2'(3 w -alpha-brom^ 
21,27-tetrameLhy!-11,28=dioxa-4-azatricyc. , o[22.3.1.G 4 ' 9 ]octacos-18-ene-2,3 f 10,16-ieiraone. 

Example 77 

17-Ethyl-1,14^ihydroxy-12-g'-(3 w -alph 

A3J9,21,27^te,trame^ 

Treatment of 17-ethyl-1-hydroxy-14-triisopropylsilylox^ 
methylvinyl]-23 t 25-dimethoxy-1 3 J 9,21 , 27<etramethyl-1 
_2 f 3,10 I 16;tetraone__with _48% aqueous hydrofluoric acid in acetonitrile as in Example- 54 yields 
17-EthyM,14-dihydroxy-12-[2^3"-alpha-iodo-4^ 

21 , 27-tetramethyl-1 1 ,28-dioxa-4-azatricyclo[22.3. 1 .O 4 .*] octacos-1 8-ene-2,3, 1 0, 1 6-tetraone. 
Example 78 

17-Ethyl-1-hydroxy-12-(2'-(4M-buryldimem^ 

13J9,21,27-tetramethyl-11 > 28HJioxa-4-azatricyclo[22.3.1.0 4 .93octacos-18-ene-2 

A solution of 1 7-ethy 1-1 -hydroxy- 12-[2'-(3",4 w -dihydroxycyclohexyl)-1 '-methyl vinyl]-23,25-dimethoxy-1 3, 
19,21 ,27-tetramethyl-11,28-dioxa-4-azatricycIo[22.3.1.0 4 .9] octacos-1 8-e ne-2, 3, 10,16-tetra one (0.777 g , 1.0 
mmol) in anhydrous CH 2 CI 2 (7.0 ml) and anhydrous dimethylformamide (3 ml) was treated with imidazole (204 
mg, 3.0 mmol) and t-butyl-dimethyisilyl chloride (226 mg, 1.5 mmol). The reaction mixture was stirred at RT for 
_16„hr-and_dituted-with-H 2 O-(50^^ CH 2 CI 2 . 
Jhe combined organic extracts were washed with brine and dried over magnesium sulfate. The solvent was 
removed in vacuo and the residue chromatographed over Si0 2 . Elution with n-hexane/ethyi acetate yielded a 
mixture of 17-ethyM-hydroxy-12-[2'-(3M-b^ 

dimethoxy-1 3, 1 9,2 1 .27-tetramethyl-1 1 ( 28-dioxa-4-azatricyclo[22.3. 1 .0 4 - 9 ]octacos-1 8-ene-2,3, 1 0 f 1 6-tetraone 

and 17-ethyi-1-hydroxy-12-[2'-(4M-butyidimethylsilyloxy-3"-hydroxycyclohexyl)-1'-me 

thoxy-1 3,1 9,21, 27-tetramethyl-11.28-dioxa-4-azatricyclo[22.3.1.0 ^octacos-ia-ene^.S.IO.ie-tetraone. 

Example 79 



17-EthyM-h ydroxy-1242'-(3"-t-b^ 

13,19,21 ,27-tetramethyl-11,28-dioxa^-azatricy^^ 

An ethereal solution of 17-ethyi-1-hydroxy-12-[2'-(3''t-butytdimethyJsilyloxy-4 w -hydroxycyclohexyl)-V- 
methylvinyl]-23,25-dimethoxy-13,19,21,27-tetramethyi-11 f 28-dioxa-4- azatricydo[22.3.1.0 4 . 9 ]octacos-18-ene- 
2,3,10,16-tetraone is treated with diazomethan and BF 3 etherat as in Exampl 67 t yield 
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JL7-ethyl-1-hydroxy-12-[2'-(3M-butyldim^ xy- 
1 3, 1 9,21 ,27-tetramethyM 1 ,28-dioxa-4-azatricyclo[22.3. 1 .0 4 .«]octacos-1 8-ene-2,3, 1 0, 1 6-tetraon . 

•I- - 

Exampl 80 

17-Ethyl-1-hydroxy-12^2X4"^ethoxy-3 ff hydroxycyclohexyl)-r-methylvinyl}-23 t 2 

tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.^ AND 1 7-EthyM -hyd- 

roxy-1 2-[2'-(3"-methoxy-4 "methoxycyclohexyl)- 1 '-methyrvinyl>23 ,25-dimethoxy-1 3 t 1 9,2 1 ,27-tetramethyM 1 .2 
8-dioxa-4-azatricyclo[22.3. 1 .0 4 - 9 ]octacos-1 8-ene-2,3,1 0,1 6-tetraone 

Treatment of a methanolic solution of 1 7-ethyM -hdyroxy-1 2-[2'-(3 w -t-butyldimethylsilyloxy-4 tt -methoxycyc- 
lohexyl)-1-methylvinyl]-23,25-dimethoxy-1 3,1 9,21 ,27-tetramethyl-1 1 ,28-dioxa^-azatricydo[22.3.1 .0 4 .*] octa- 
cos-1 8-ene-2,3, 10,1 6-tetraone with p-toluenesulphonic acid as in Example 7 yields 17 ethyl- 1 -hydroxy- 
12-[2M3"-hydroxy-4 w -methoxycydohexyl^^ 
oxa-4-azatricyclo-[22.3. 1 .0 4 *] octacos-1 8-ene-2,3, 1 0, 1 6-tetraone. 

Example 81 

1 7-Ethyl-1 -hydroxy-1 2-[2'-(4"-fluoro-4>methoxycyclohexyl)-1 ^methyl vinyl]-23,25^dimethox-1 3,1 9,21 ,27-tet- 
ramethyl-1 l728^dioxa^4-azatricyclo[22.3:1:0 4 .g]octaoos=1 8-ene-2;3,1 0,1 6-tetraone 

A solution of 17-ethyl-1 -hdyroxy-1 2-[2'-(3''-hydroxy-4' r -methoxycyclohexyl)-V-methylvinyl]-23,25-dime- 
thoxy-1 3,1 9,21 ,27-tetramethyl-1 1 ,28-dioxa-4-azatricyclo[22.3. 1 .0 4 - 9 ] octacos-1 8-ene-2,3, 1 0,1 6-tetraone in 
MeCI 2 is treated with diethylaminosulfur triflouride and the resultant product is treated with 48% aqueous hyd- 
rofluoric acid as in Example 63 yields 1 7-ethyl-1 -hydroxy-1 2-[2'-(3"-fluorcMT-methoxycyclohexyl)-1 '-methyl- 
— ^^23,25=4 imethoxy^l3,19^^ 
tetraone. 

Example 82 

17-Ethyl-1-hydroxy-12HgX4"-o-nitrobenzenesulfon^ 
tho>cy-13,19,21,27-tetramethy1-11,28-dioxa^-azat^ 
and 17-Ethy1-1-hydroxy-12-[2X3 w -CHnitrobenzenesulfonylox^ 

methoxy-13,19,21 ,27-tetramethyl-1 1 ,28-dioxa-4-azatricyclo[22.3.1 .f^^octacos-IS-ene^.S^ 0,16-tetraone(2) 

To a solution of 1 7-ethyl-1 -hydroxy-1 2-[2'-(3'\4''-dihydroxycyclohexyl)-1 '-methylvinyl^S^S-di-methoxy- 
1 3,1 9,21, 27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3. 1.0*^] octa cos- 18-ene-2, 3, 10,1 6-tetraone (200 mg) in 
dry methylene chloride (20 mL) was added dlisopropylethylamine (150 uJ) followed by o-nitro-benzenesulfonyl 
chloride (60 mg), then dimethylamrnopyridine (27 mg). The yellow solution was stirred at room temperature 
under nitrogen atmosphere for 4 hour and quenched with sat'd aqueous sodium bicarbonate. Organic layer was 
washed (water, sat'd NaHC0 3 , sat'd NaCI), dried (anhydrous Na 2 S0 4 ) and the solvent was removed in vacuo . 
Chromatography on silica gel (2:1 ethyl acetaterhexane) gave 70 mg of the title compound 1 and 60 mg of the 
-titled-compound ^(Mass-Spec:- 1 H and 13 C-NMR data are-consistent with theproposedstructures). 

Example 83 „ _ . 



1 7-Ethyl-1 -hydroxy-1 2^2 , -(3 w (R),4 w (S)-epoxycyclohexyl)-1 '-methyl vinyl]-23,25-dimethoxy-1 3, 1 9,21 ,27-tet- 
ramethyl-11,28-dioxa-4-azatricydo[22.3.1.^ 

To a solution of 1 7-ethy 1-1 -hydroxy-1 2-{2'-(4"-o-nitrobe 
methyMnyl>23,25-dimethoxy-13,19,21,27-teta octacos-1 8-ene- 

2,3,10,16-tetrone (60 mg) in 3 ml of dry methylene chloride was added triethylamine (1 ml) under nitrogen 
atmosphere and stirred at room temperature for three days. The solvent was removed under reduced pressure 
and the residue was purified by column chromatography on silica gel (2:3 n-hexane: ethyl acetate) to give 42 
mg of the titled compound. Mass Spec: 744 (M+KT), 766 (M+Na) 
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Exam pi 84 - 

17-EthyM-hydroxy-12-[2X3"(S^ 

ramethyl-11,28-dioxa^-azatricydo[22,3.1.0 4 8]octacos-18-ene-2 t 3,10 t 16-tetrone 

The title compound was prepared by the method of Example 83 utilizing 17-ethyl-1-hydroxy-1242'(3 w -o- 
nitrobenzenesuffonyloxy-4"-hydroxycyclohexyl)-1 '-methy1vinyl]-23,25-dimethoxy-1 3,1 9,21 ,27-tetramethyi-1 1 , 
28-dioxa-4- azatricyclo[22.3.1.O*' 9 ]-octacos-18-ene-2,3 ( 10 ( 16-tetraone as starting material. 

Example 85 

17-EthyM-hydroxy-12-[2X3"^hloro^Mri 

13,1 9,21 ,27-tetramethyl-11,28HJioxa-4-azatricycto^ 

Toa solution of 17-ethy1-1-hydroxy-12-[2M3''(S),4 w (R^ 

13,19,21 ,27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.0*.9] octacos-18-ene-2,3,10,16-tetraone (50 mg) in 

1.5 ml of methy lene chloride was added 200 ul of trim ethyl silyl azide followed by a solution of titanium chloride 
~in methylene chloride (20 uJ, 1 mole solution) at room temperature under nitrogen atmoshpere. The reaction 

mixture was stirred at this temperature overnight and.the light yell ow_mixture. was purifiedonpreparative tic on 
-silica gel (2:1~hexane:ethy1 acetate)^to give-32 mg of the title-compound: — * ~ ' ' 

Mass Spec: 858 (M+Li) 

Example 86 

17-Ethyl-1-hydroxy-12-[2X4"-chlorc~3Mrimeth^ 
~1 3,-1.9,21, 27^tetramethyl^^ 

The title compound was prepared by the method of Example 85 utilizing 17-ethy1-1-hydroxy-12-[2'- 
<3 M (R),4"(S)-epoxycyclohexyl)-1 '-methylvinyl]-23,25-dimethoxy-1 3,1 9,2.1 ,27-tetramethy1-l1 f 28rdioxa^-azatricy- 
^clo[22.3.1.0 M]octacos-18rener2,3 t 10,16-tetraone-as starting material. .- - 

Example 87 

17-Ethyl-1-hydroxy-12-I2X3"^hloro-4"-hyd 

ramethyi-11,28-dioxa-4-azatricyclo[22.3.1.0<fl]octacos-18-ene-2,3,10 t 16-tetraone 

To a solution of 1 7-ethy 1-1 -hydroxy- 12-[2'-(3"<;hlo^ 
dimethoxy-1 3 f 1 9,2 1 ,27-tetra methyl- 1 1 ,28-dioxa-4- azatricyclo[22.3. 1 .GA 9 ]octacos-1 8-ene-2,3, 1 0, 1 6-tetraone 
(20 mg) in 1 ml of methylene chloride was added a solution of p-toluenesulfonic acid (200 1% solution in 
methanol) and stirred for 20 minutes at room temperature. Purification of the crude product by preparative tic 
on silica gel (1:1 hexane:ethyl acetate) gave the title compound in quantitative yield. 
Mass Spec: 762 (M+Li) 



Example 88 



Jl7=Ethyl--%hydroxy--12-[2^ 
teframethy1-11,28-dioxa-4-azatricyclo[22^ 

The title compound was prepared by the method of Example 87 utilizing 1 7-ethyl- 1 -hydroxy- 12-[2'-(4 "-chlo- 
ro-3Mrimethylsilyloxycyclohexyl)-1'-methylvinyl]-23,25-dimethoxy-1 3,1 9,21 ,27-tetramethy1-11,28-dioxa-4- 
azatricyclo^.S.I.O^octacos-IS-ene^.SJO.ie-tetraone as starting material. 

Example 89 

17-EthyM-hydroxy-12-I2'-(3"^ 
ramethyl-11,28-dioxa-4-azatricydo[22.3.1.^ 

A suspension of lithium bromide (181 mg) in dry benzen (2.2 ml) with hexamethylphosphoramid (350 
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ul) was sonicat d for 45 minutes-500 ul-of-this-mixtur was-added-to-a-solutionof-17-ethy1-1-hydroxy-12-[2'- 
(3"(S),4"(R)-ep xycydohexyl^r-methylvinylJ^a^S-dimethoxy-l 3,1 9,21 .27-tetramethyM 1,28-dioxa-4- azat- 
ricyclo[22.3.1.0 4 .o]octacos-18-en -2,3,1 0,16-tetraone (63 mg) in 100 ul of benz ne. The r acti n mixture was 
heat dat50°Cund r nitrogen atmospher for 30 minutes and cooled to room temperature. Purification of th 
5 crude mat rial on preparative tic on silica gel (2:1 hexane:ethyl acetate) gav 18 mg of the title compound. 
Mass Spec: 830/832 (M+Li). 

Example 90 

10 17-Ethy)-1-hydroxy-12-[2X4"-bro^ 

tetramethyl-11,28^ioxa^-azatricyclo[22.3.1.0 4 - & ]octacos-18-ene-2,3,10 t 16-tetraone 

The title compound was - prepared by the method of Example 89 utilizing 17-ethyl-1-hydroxy-12-[2'- 
(3"(R),4"(S)-epoxycydohexyl)-1 '-methy1viny1}-23,25-dimethoxy-1 3,1 9,21 ,27-tetramethy1-1 1 f 28-dioxa-4-azatricy- 
15 clo[22.3.1.0 4 - 9 ]octacos-18-ene-2,3,10,16-tetraone as a starting material. 

Example 91 

— -T--Cell-Proliferation. Assay- — < --- 

1. Sample Preparation 

The compounds to be assayed were dissolved in absolute ethanol at 1 mg/ml. 
25 2. Assay 



Spleens from C57B1/6 mice were taken under sterile conditions and gently dissociated in ice-cold RPMI 
1640 culture medium (GIBC). Grand Island, N. Y.) supplemented with 10% heat-inactivated fetal calf serum 
(GIBO)). Cells were pelleted by centrifugation at 1500 rpmfor 8 minutes. Contaminating red cells were removed 

30 by treating the pellet with ammonium chloride lysing buffer (GIBO)) for 2 minutes at 4°C. Cold medium was 
added and cells were again centrifuged at 1500 rpm for 8 minutes. T lymphocytes were then isolated by sepa- 
ration of the cell suspension on nylon wool columns as follows: Nylon wool columns were prepared by packing 
approximately 4 grams of washed and dried nylon wool into 20 ml plastic syringes. The columns were sterilized 
by autoclaving at 25°F for 30 minutes. Nylon wool columns were wetted with warm (37°C) culture medium and 

35 rinsed with the same medium. Washed spleen cells resuspended in warm medium were slowiy applied to the 
nylon wool. The columns were then incubated in an upright position at 37°C for 1 hour. Non-adherent T lym- 
phocytes were eluted from the columns with warm culture medium and the cell suspensions were spun as 
above. 

Purified T lymphocytes were resuspended at 2.5 x 10 s cells/ml in complete culture medium composed of 
40 RPMI 1640 medium with 10% heat-inactivated fetal calf serum, 100 mM glutamine, 1 mM sodium pyruvate, 2 
x 10- 6 M 2-mercaptoethanol and 50 ug/ml gentamycin. lonomycin was added at 250 ng/ml and PMAat 10 ng/ml. 
JThe cell suspension was immediately distributed into 96 well fiat-bottom microculture plates (Costar) at 200 
^l/well.The'various-dilutioris of the compound to be tested were'the nadded in triplicate wells at 20 ul/well. The 
compound 1 7-allyM ,14-dihydroxy-1 242'-(4"-hydroxy-3"-methoxycydohexyl)-1 '-methyMnyl^S^S^imethoxy- 
45 - -13,1 9,21 ,27-tetramethyM 1,28-dioxa-4-azatricyclo[22.3.1.0*.9] octacos-18-ene-2,3,10,16-tetraone was used 
as a standard. The culture plates were then incubated at 37°C in a humidified atmosphere of 5% C02-95% air 
for 44 hours. The proliferation of T lymphocytes was assessed by measurement of tritiated thymidine incorpor- 
ation. After 44 hours of culturing, the cells were pulse-labelled with 2 nCi/well of tritiated thymidine (NEN, 
Camgridge, MA). After another 4 hours of incubation, cultures were harvested on glass fiber filters using a mul- 
50 tiple sample harvester. Radio activity of filter discs corresponding to individual wells was measured by standard 
liquid scintillation counting methods (Betacounter). Mean counts per minute of replicate wells were calculated 
and the results expressed as concentration of compound required to inhibit tritiated thymidine uptake of T-cells 
by 50%. 

A selection of compounds were tested according to the previous procedure. The concentration of conv 
55 pound required to inhibit the proliferation of T-cells by 50% was measured, and the results were as follows: 
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Example No. Of 





Product Compound 






40 


< lxl 0 - ^ 


5 


53 


< lxlO" 6 




56 


< lxl 0" 6 




59 


< 1x10" 6 


10 


62 


< lxlO" 6 




87 


< lxl0~ 6 




89 


< lxlO -6 



15 



While the foregoing specification teaches the-principles of the present-invention.-with examples provided 
20 "for the~purpose of~illustration7irwiirb^^ practice of the invention encompasses all of the 

casual variations, adaptations, modifications, deletions, or additions of procedures and protocols described 
herein, as come within the scope of the following claims and its equivalents. 



25 Claims 



1. A compound of formula I: 




wherein " 
R is methyl, ethyl, propyl or ally!; 

R 1 and R 2 are independently halo, hydroxy, and C r C 8 alkyloxy, with the proviso that at least one R 1 or R 2 
so is halogen; R 3 is hydrogen or hydroxy and R< is hydrogen; or R 3 and R 4 can be taken together to form a 

double bond; X = 0 or (HO, H) and n is 1 or 2. 

2. A compound according to Claim 1 wherein the steric configuration of formula I is as defined in the following 
formula XV: 

55 
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ch 3 o och 3 



xv 

3. The compound of claim I being: 
1 7-Ethyl-1 ( 14-dihydroxy-12^X4 

1 3,19,21 ,27-tetramethyM 1 ,28-dioxa-4-azatricyclo[22.3.1 .0 49 ] octacos-1 8-ene-2,3,1 0,1 6-tetraone; 
17-Ethyl-1,14-dihydroxy-12-[2'-(4 w -beta-iodo-3 w -m^ 

1 9,21 ,27-tetrameJhyi-l 1 ,28-dioxa-4-azatricydo[22.3 .1 .0* ^octacc^l 8- ene-2,3.1 0,1 6-tetraone; 
17-Ethyl-1,14-dihydroxy-12-[2X4M>eta-cN^ 

13,1 9,21 ,-27-tetramethyl-1 1,28-dioxa-4-azatricyclo-[22.3.1.0 4 . 9 ]octacos- 18-ene-2,3,10, 16-tetraone; 
17-Ethyl-1 t 14-dihydroxy-12-[2X4M)uoro^^ 

21,-27-tetramethyI-11,28-dioxa-4-azatricyclo-t22.3.1.0 4 - 9 loctacos- 18-ene-2,3,10, 16-tetraone; 

17-EthyI-1-hydroxy-12-[2M4 w -beta-chloro-3"-methoxycydohexyl)-1'-meth^ 
21 ,27-tetramethyl-1 1 ,28-dioxa-4-azatricyclo[22.3. 1 .0*. 9 ]octacos- 1 8-ene-2,3,1 0,1 6-tetraone; 



17-Ethyl-1-hydroxy-12-[2'-<4''-beta-brom 

21 ,27-tetramethyM 1 ,28-dioxa-4-azatricyclo[22.3.1 .O^octacos- 1 8-ene-2,3,1 0,1 6-tetraone; 

1 7-Ethyl-1 -hydroxy- 1 2-[2'-(4"-beta-iodch3'^rnethoxycydohexyl)- 1 '-methyl vinyl]-23,25-dimethoxy-1 3,1 9,21 , 

27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.0 4 . 9 ]octacos- 18-ene-2,3,1 0,1 6-tetraone; 

17-Ethyl-1-hydroxy-12-[2L-<4^flu^ 19,21,27- 
tetramethyM 1 ,28-dioxa-4-azatricydo-[22.3. 1 .O^Joctacos-l 8-ene-2,3, 1 0, 1 6-tetraone; 

1 7- Allyl-1 , 1 4-d ihydroxy- 1 2-[2'-(4*-beto^ 

13,19,21,27-tetramethyl-11,28-dioxa-4-azatri-cycloI22.3.1.0*.»]octacos- 18-ene-2,3, 10,1 6-tetraone; 

1 7-AllyM ,14-dihydroxy-12-[2'-(4' , -beta-bromo-3''-methoxycyclohexyl)-1 '-methylvinyl]-23,25-dimeth-oxy- 
1 3, 19,21 ,27-tetramethyM 1,28-dioxa-4-azatri-cyclo[22.3.1 .O 4 . 9 ] octacos-1 8-ene-2,3, 10, 16-tetraone; 

17-Allyl-1,14-dihydroxy-12-[2X4' f -beta-iodo-3"methoxycyctohexyl)-1'-methylvinylK2^ 

1 9,21,27-tetramethyM 1,28-dioxa-4-azatri-cydo[22.3.1 .O 4 -*] octacos-1 8-ene-2,3,10, 16-tetraone; 

17-Allyl-1,14-dihydroxy-12-[2M"-nuoro-3' f ^^ 
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_ - 21 ,27=tetramethyl-1 1 ,28-dioxa-4-azatricyclo[22.3.1 .O^octacos- 1 8-ene-2 ( 3 f 1 0,1 6-tetraone; 

1 7-ethyl-1 -hydroxy-1 2-[2'-(4''-alpha-bromo-3''-hydroxycyclohexyl)-1 '-methylvinyl]-23,25-di-memoxy-1 3, 1 9, 
21 ,27-tetramethyM 1 t 28-dioxa-4-azatricyclo[22.3.1 .0<s]octacos- 1 8-ene-2 ( 3, 1 0,1 6-tetraone; 

1 7-ethyM t 14-dihydroxy-12-[2'-(4"-hydroxy-3"-beta-chlorocyclohexyl)-1 'methyl vinyl]-23,25-di-methoxy- 
1 3, 1 9,21 ,27-tetramethyM 1 ,28-dioxa-4-azatricyclo[22.3.1 .f>.9]octacos- 1 8-ene-2.3,1 0. 1 6-tetraone; 

17-ethyl-1,14-dihydroxy.12-[2M4--alpha-chloro-3 w -hydroxycyclohex^ 

13J9,21,27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.0 4 . 9 )octacos- 18-ene-2,3,1 0,1 6-tetraone; 

1 7-ethyl-1 -hydroxy-12-[2'-(4 w -hydroxy-3''-beta-bromocyclohexyl)-1 '-methylvinyl>23,25-di-methaxy-1 3.1 9. 
21 ,27-tetramethyM 1 ,28-dioxa-4-azatricyclo[22.3.1 .0*.e]octacos- 1 8-ene-2,3,1 0,1 6-tetraone; 

1 7-allyM -hydroxy-1 2-[2'-(4 w -alpha-chloro-3 w -hydroxycyclohexyl>r-methytvinyl]-23,25-di-methoxy-1 3, 1 9, 
21,27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.0 49 ]octacos- 18-ene-2,3,1 0,1 6-tetraone; 

1 7-propyl- 1 -hydroxy-1 2-[2'-(4"-hydroxy-3--beta-chlorocyclohexyl)-1 '-inethylvinyl]-23,25-dhmethoxy-1 3, 1 9, 
- 2.1 ,27=tetramethyl=.l1 ,28rdioxa^azatricyclo[22.3. 1 .(^-sjoctacos-l 8-ene-2 T 3 r 1 0 r 1 6-tetraone;- 



The compound of Claim 1 which is: 



Halo 



(HO or CH 3 Q) 



H 3 C 




CH 3 0 OCH 3 



wherein halo is F, a, Br or I; R3 is hydrogen or hydroxy, and R is ethyl, propyl or allyl. 



The compound of Claim 1 which Is: 
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CH 3 D OCH 3 



where halo is F.CI, Br, or I; R 3 is hydrogen or hydroxy! and R is ethyl, propyl or allyl. 

6. A pharmaceutical composition for the treatment of immunoregulatory disorders or diseases comprising a phar- 
maceutical carrier and a therapeutically effective amount of compound of formula I, according to Claim 1. 

7. — ^A^pjLarmacAutLcal^mppsition for.theJopicaLtreatmentofJnflammatoryand hyper-proliferative skin dis- 

eases and or cutaneous manifestations of immunologically-mediated illnesses comprising a pharmaceuti- 
cal carrier and a therapeutically effective amount of compound of formula I, according to Claim 1. 

8. The use of a compound of formula I according to Claim 1 for the manufacture of a medicament for the 
treatment of immunoregulatory disorders or diseases. 

9. The use of a compound of formula I according to Claim 1 for the manufacture of a medicament for the 
topical treatment of inflammatory and hyperproliferative skin diseases and/or cutaneous manifestations 
of immunologically-mediated illnesses. 
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